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Abstract 
Effect of Blending lignocellulosic Materials and Resin level on particleboard 
Properties 
 
Composite particleboard   processing is considered as one of the most 
important wood industries at the present time.  
A sharp increase in the market demand of particleboard (Pb) has 
appeared recently. 
 The main problem facing particleboard industry is the lack of raw 
materials. Recently, wood coming from thinning of trees and other 
agricultural wastes were used as a good source of raw material for 
particleboard industry.  
This research work deals with the effect of mixing some lignocellulosic 
wood and non-wood materials on the properties of particleboard 
produced using different levels of   urea- formaldehyde resin (organic 
binding material), 5%, 7% and 10%.  
Three lignocellulosic materials were used in this study, namely 
Eucalyptus camaldulensis, Acacia seyal, and bagasse.  
The raw material is collected from Kenana sugar company plantation 
and factory.  
The tests were carried out to study the effect of three levels of binding 
material urea- formaldehyde on particleboard properties. The levels were 
5%, 7% and 10% of urea- formaldehyde resin. Some experiments  were 
carried out on the prepared particleboard panels to evaluate  their 
properties for the three levels of resin.  
The results agree with the lower limits of the European standard , as far 
as  modulus of rupture  (MOR), modulus of elasticity (MOE), thickness 
swelling and water absorption are concerned.  
 IV
The study showed that addition of Bagasse particles   to Eucalyptus 
particles  or Acacia seyal particles  or their mixtures improved the 
properties of particleboard produced.   
V 
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  ﺍﻟﻤﻠﺨﺹ ﺍﻟﻌﺭﺒﻲ
  اﺛﺮ ﺧﻠﻂ اﻟﻤﻮاد اﻟﻠﺠﻨﻮﺳﻴﻠﻴﻮزﻳﺔ وﻣﺴﺘﻮﻳﺎت اﻟﻤﻮاد اﻟﻼﺻﻘﺔ ﻋﻠﻲ ﺧﺼﺎﺋﺺ اﻟﻮاح اﻟﺨﺸﺐ اﻟﺤﺒﻴﺒﻲ
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of  water absorption observed after twenty-four a hours attained by board (M3) is made from 
a mixture of bagasse (100%) particles is 68.02. This result complies favorably with research 
of Fabricio (2005)was 74.86.  
  The smallest value  in resin 10% of   water absorption values after 2- hours soaking was 
attained by  board type (M1). This type of board are made from mixture of Eucalyptus 
camaldulensis 100% particles. The amount of (WA2) produced by the board (M1) is 22.48. 
This result complies favorably with research of Brims(2004)is 39.81 . The smallest water 
absorption of this particular type board is due to that amount of Eucalyptus camaldulensis in 
the board and amount of lignin that may have been plasticized and hardened by the heat of 
the board. Another possible reason is the minor of the mixing of particles and resin.  
   The higher values for water absorption observed with mixture (M3) the type of board is 
made from a mixture of bagasse (100%) particles. The mount of (WA2) produced by the 
board type (M3) is 31.54. 
 This result  is higher value of (WA2) in  this particular board due to the percentage of 
bagasse particles. Another possible reason bagasse was anticipated to absorb more water 
than other board.  The higher values of  water absorption observed after twenty-four a hours 
attained by board (M3) is made from a mixture of bagasse (100%) particles is 39.72. This 
 XXI
result complies favorably with research of Fabricio (2005)is 48.15.  
In three  level of resin  Eucalyptus camaldulensis is  a predominant component, water 
absorption  (WA) and thickness swelling are reduce . This may be due to the extractives 
which may be found in Eucalyptus camaldulensis, that serve as dimensional stabilizing 
agent by the wood structure or limiting the absorption of water. 
 
 
favorably with most of the previous research results of (Serma C-I (2004) fig in the 
mixture where E is  a predominant component, water absorption  (WA) and 
thickness swelling are reduce 
 
 
 
 
 
 
2.7 Effect of Furnish moisture  content on the particleboard process and 
properties:   
Furnish moisture content exerts much Influence both on the manufacture and the 
properties of particleboard too high or low levels of furnish moisture result in 
troublesome operation and produce poor quality board. The optimum moisture content 
depends on many factors such as  geometry, and wood density, among others, making 
generalizations difficult. 
The maximum board strength occur when the moisture content ranges between 8 to 12 
percent at the particle – particle interface. Generally, it is advisable that the boards 
made from low – density woods possess a relatively lower moisture content compared 
to boards made from denser woods. 
To make board of a given density and volume using a low - density wood species will 
require a large number of particles. This is conducive to compaction, which can, to a 
significant extent. Thus excessive moisture in mat made up of low density particles is 
likely to lead to low board strength or, in extreme cases, results in blows and blisters. 
Excessive mat moisture generally lead to longer  total press times due to the moistures 
rearing action on the curing of the adhesive – His responsible for core delimitation and 
occasion ally delimitation closer to the board surfaces during hot pressing This 
phenomenon results in the a immolation of moisture at these locations washing away 
the adhesive and generally inter fearing with the bonding action. Too low a mat moisture 
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content is also a problem in the particle board process. Low mat moisture slows heat 
transfer from the surface to the core. The fast transfer of heat from the mat faces to the 
core is essential in short press cycles. On the contrary, too low a mat moisture can lead 
to a (noinuni)? form panel density and a nun acceptably rough surface. 
In addition, low moisture content can lead to poor surface wetting characteristics for the 
perfidies there by inhibiting resin flow and trimester. Some also believe that over 
absorption of resin by excessively dry particles deprive the particle contact area of 
sufficient launder. Perhaps the most important draw back associated with dry mat is the 
resultant reduction in the total contact area in the mat stricture  due to lack of pliability. 
For quality board production has been the practice of creating differential moisture 
content with the surface layer possessing higher levels of moisture compared to that for 
the core – Moisture differentiation can result in a number of a advantages during the hot 
pressing operation with such as rapidly consolidating the mat surfaces into a dense, 
strong layer. 
 
 
 In order to create a moisture differential, either surface particles with higher moisture 
are used or, just prior to hot pressing, the mat surface is sprayed with a given quantity 
of water per unit surface area. An optimum exists in the amount of water sprayed, 
depending on such factors as shape and size, and mot moisture content. 
Particle geometry (shape and size) is a prime consideration affecting both the board’s 
important properties and its manufacturing process. Particle geometry affects the face 
and edge appearance significantly. Further, , the behavior of particle board to machining 
(i.e., sawing, routing), shaping, planning , and sanding is also affected by the type of 
particle used in manufacturing the product. The term particle is a generic term applied to 
all lignocelluloses elements from which particle board is made. Particles are produced 
either through the action of a hammer mill, generating small pieces of indistinct 
geometry, or by asset of knives as in flakers, which produce engineered particles of 
predetermined dimension. Presently, the industry is using the term particle board to 
describe a family of products made with the various types of particles. Particle types 
used in the production of particle board can be as coarse as pulp chips or as fine as 
sander dust. Some particle are by – products of wood working operations while others 
are principally enumerated for the specific purpose of particle board manufactures. The 
reduction of wood raw material into a given particle type depends on the from of raw 
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material a plant receives. For in stance, when the available raw material is in round form 
or large green solid waste, it can be reduced to any particle type and size desired. On 
the other hand, when residue of small particle configuration is being received, there is 
only a limited variety of particle type which can be generated. Per constant amount of 
resin (based on weight), short, thick particle produce aboard of higher internal bond 
strength compared to one made of long thin particle. Short, thick particles normally used 
in the core layer require a greater amount of resin per unit surface area as compared to 
long, thin particles or very fine granular particle used for surface layers. Longer and 
thinner particle, everything else being the same, produce aboard with higher bending 
strength and dimensional stability, Shorter and thicker particles produce aboard with 
lower bending strength and dimensional stability but higher internal bond strength .The 
placing of particle to produce aboard with high bending and internal the thick and short 
are used in care layers while the thin and long are used on the surface layers. From the 
stand pint of a board’s banging strength, the most desirable forms of raw material can 
generated the chirped and hammer milled undraped solid wood cut to flakes (Moslem, 
1974), 
 
 
Abstract 
Effect of Blending lignocellulosic Materials and Resin level on particleboard 
Properties 
 
Composite particleboard   processing is considered as one of the most 
important wood industries at the present time.  
A sharp increase in the market demand of particleboard (Pb) has appeared 
recently. 
 The main problem facing particleboard industry is the lack of raw 
materials. Recently, wood coming from thinning of trees and other 
agricultural wastes were used as a good source of raw material for 
particleboard industry.  
This research work deals with the effect of mixing some lignocellulosic 
wood and non-wood materials on the properties of particleboard 
produced using different levels of   urea- formaldehyde resin (organic 
binding material), 5%, 7% and 10%.  
Three lignocellulosic materials were used in this study, namely 
Eucalyptus camaldulensis, Acacia seyal, and bagasse.  
The raw material is collected from Kenana sugar company plantation and 
factory.  
The tests were carried out to study the effect of three levels of binding 
material urea- formaldehyde on particleboard properties. The levels were 
5%, 7% and 10% of urea- formaldehyde resin. Some experiments  were 
carried out on the prepared particleboard panels to evaluate  their 
properties for the three levels of resin.  
The results agree with the lower limits of the European standard , as far 
as  modulus of rupture  (MOR), modulus of elasticity (MOE), thickness 
swelling and water absorption are concerned.  
The study showed that addition of Bagasse particles   to Eucalyptus 
particles  or Acacia seyal particles  or their mixtures improved the 
properties of particleboard produced.   
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   Chapter One 
       Introduction and Objectives 
 
1. Introduction 
Wood cellulose is one of the most abundant, naturally occurring organic 
compounds. It's an important industrial raw material, and it represents one of 
the more important renewable natural resources. The main constituent of 
wood cell wall and wood composites (or wood fiber) are celluloses, hemi 
cellulose and lignin. The term (wood fiber) is used to denote a mature, fully 
developed wood cell. 
  
Wood furnish as a raw material of fiberboard and particleboard is 
traditionally prepared by mechanical disintegration followed by gluing.  
The term composite and reconstituted wood is usually used to describe any 
wood product that is "glued" together.  
 
Wood still serves many needs. The major utilization of wood is as structural 
material and for comfortable human life.  Wood has certain advantages over 
other materials, it can be easily cut and shaped, it can be easily jointed with 
glues or mechanical fasteners, it combines light weight and strength, it has 
many uses including raw material for many industries.  
 However, wood as a natural material has some disadvantages, such as 
different strength in longitudinal and crosswise direction, growth defects, 
and dimensional instability due to moisture (POGAJ et al. 1993).  
Wood is an anisotropic material (different properties in the three major 
directions of trees). It may contain sapwood, heartwood, latewood, early 
wood, juvenile wood, and abnormal wood.  In order to avoid such defects 
2 
 
and to enhance the quality, wood composites or wood- based materials are 
developed.  
The rapid growth of the wood -based panels has lead to continuous efforts to 
develop new resources as an alternative to wood (Reineke, 1965). 
 
Particleboard (Pb) is one of the major panel board materials used in the 
manufacture of value-added wood products. Its popularity is mainly due to 
its much lower cost compared to other panel boards such as medium density 
fiberboard. It can also be manufactured in different sizes, thicknesses, 
densities and grades. Particleboard uses include furniture and cabinets as 
well as other non-structural applications where it is glued, edge bonded, 
laminated and fastened.  
 
The disadvantage of Particleboard is its coarse and inhomogeneous internal 
structure. The Particleboard industry has improved the board smoothness for 
finishing and laminating making a good substrate for decorative veneer and 
melamine overlays. Unfortunately, these improvements are limited to the 
raw pressed surface of the flat panel. When a panel is sawn or profiled, the 
surface and edge quality substantially deteriorate. In most cases, surface 
preparation involving wood filler and sanding is subsequently required. In 
extreme cases the Particleboard components must be discarded. The cost of 
surface preparation can be more than ten times the cost of processing, 
maintenance and downtime costs combined (Darrell Wong, 2004). 
 
The recovery and use of residual wood in the manufacture of particleboard 
and Medium Density Fiberboard (MDF) helps to make optimal use of our 
forest resources. Wood chips, edging, and planer shavings are all utilized. 
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The most important characteristics of woody species for the production of 
particleboard is density. It directly influences the end product (Anonymous, 
2000 a). 
 
Eucalyptus camaldulensis  species  is a hard and heavy timber, weighs a 
bout 850 to 900kg per m3 green at 80 percent moisture content or a  density 
of (705kg/m3 ). Eucalyptus camaldulensis  will lose half of its moisture 
content by air drying in 8weeks (Heinrich, 1990).    
 
The  food and agricultural organization (FAO, 2005) of the United Nations 
stated that the production  of industrial wood from plantations will be an 
increasingly important source of industrial fiber worldwide.  
 
The demand for wood continues to increase, the production of wood-based 
composites will likely to increase in particleboard.  
                      
The particleboard industry has become an important factor in the overall 
economics of softwood plantation forestry because of its use of thinnings, 
tops and sawmill residues. It has also reduced the demand for solid wood 
and plywood, although its expected market penetration in flooring and 
general structural use does not yet appear to have been achieved 
(Anonymous, 2000,b). 
  
Particleboard can be manufactured in different sizes, thicknesses, densities 
and grades for a variety of end uses. It has relatively homogenous properties 
making it an excellent core material for furniture manufacturing. Over the 
years, the industry has concentrated its effort on improving board surface 
smoothness for improved finishing and laminating purposes. Today, 
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Canadian particleboard provides an excellent substrate for the application of 
decorative overlays such as veneer and melamine. Particleboard uses include 
furniture, cabinets, floor under laymen, subflooring in manufactured 
housing, door cores, and many other non-structural industrial applications 
(Anonymous, 2000,b). 
 
Three types of boards can be produced from bagasse fibers for use in 
construction: softboard, hardboard and particle board. The technology for the 
production of board from bagasse would utilize the available adhesives like 
urea formaldehyde and phenolic resins. 
 
The increasing range of applications for wood based board materials, as well 
as the development of the private house building sector have resulted in 
recent years in increasing production of these materials [Bowyer J. L., 
Stockmann V. E., 2001]. Further development of the industry of wood based 
board materials  will require increased supplies of wood raw material. 
However, the depleting stocks of these raw materials [Piotrowski Z., 1999], 
together with economic reasons, forced producers to search for possible 
extension of the raw material resources. This trend is manifested in a 
considerable increase in the efficiency of utilization of industrial wood 
refuse, especially sawdust, medium-sized wastes, recycled wood [Wnuk M., 
1999], as well as annual plants. So far such annual plant wastes as flax and 
hemp shives, sugar cane, rice straw, jute and cotton fiber have been used in 
the production of lignocellulosic boards [Kozłowski R., et al 1995]. 
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1.2 Objectives 
1.2.1 General objective  
  - To study  the suitability of Eucalyptus camaldulensis, Acacia seyal and  
Bagasse  lignocellulosic materials for particleboard manufacture using Urea-
Formaldehyde resin  as a binding agent.  
 
1.2.2 The specific objectives  
   -  investigate the effect of different resin levels on the properties of 
manufactured  particleboard.  
   - study the effect of mixing different Eucalyptus camaldulensis, Acacia 
seyal and Bagasse lignocellulosic materials on the properties of 
manufactured particleboard.  
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Chapter two 
Literature Review  
2.1 Raw material 
   Any substance that contains both cellulose and lignin is a lignocellulosic 
material that includes wood, agricultural crops, agricultural residues, such as 
bagasse, grasses, and other plant substances. In general wood is different in 
chemical composition and matrix morphology (Brent, et al, 1994). 
 
2.1.1 Wood raw material  
Wood density has significant influence not only on product properties but 
also on processing.  Particleboard made from lower density species has a 
greater bending strength, internal bond, modulus of elasticity, and tensile 
strength. However screw withdrawal resistance, water absorption, and 
thickness swelling are little affected.  It may seem illogical that a wood of 
low density (e.g., aspen or white pine) produces a particleboard with a higher 
strength compared to a wood of higher density (e.g .,beech or oak). The 
reason for this lies in the fact that a given weight of particles from a light 
weight wood species occupies a greater volume than the same weight of 
particles from a dense wood.  When these volumes of wood are compressed 
to the dimensions of a board, a higher relative contact occurs for the low- 
density wood (due to a greater mean compressed ratio) resulting in a better 
adhesion  between the particles. Greater particles contact promotes better 
resin efficiency; a critical factor for the strength properties of the medium-
density particleboard. For high-density particleboard, the adhesives spread 
per unit surface area of the particles will be the controlling factor of the 
board strength (Moslemi, 1974). 
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The number of wood species currently utilized in the manufacture of 
particleboard, in North American particleboard industry uses wood native to 
the immediate area in which the plant is located. In North America there are 
primarily three areas of intensive forest products operations where raw 
material availability both in terms of round wood and manufacturing residue 
is highly favorable. In south and south eastern united state, the southern 
pines form principal coniferous species utilized by the particleboard 
industry. The industry currently consumes substantial quantities of southern 
pine residue from stud mills, veneer mills, and other primary manufacturing 
operations (Moslemi, 1974). 
 
The technological capability of using practically any wood species and many 
non- wood lignocellulosic materials are available to the particleboard 
industry. Most often the question of species or raw material mix is settled on 
economic considerations rather than technological ones, although these two 
are not always independent. The species question is a minor consideration 
while the quantity of available raw material at low cost is the overriding   
factor in establishing new activities. Mixing of species is likely to become 
more prevalent due to economic necessities particularly in hard wood 
regions and where the raw material consists mainly of residues from 
sawmills plywood plants, and other wood using industries. (Moslemi, 1974). 
 
2.1.1.1Types of wood raw material  
As mentioned before, there are a number of lignocellulosic materials which 
could successfully be utilized for particleboard manufacture .These 
materials, however, must meet the following requirements:  availability in 
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adequate quantities, inexpensive, have suitable form for board manufacture, 
and incurring relatively low cost in handling and storage . All considered, 
wood is the most widely used raw material so far. Wood used in the 
particleboard industry comes from various sources. In the united states, 
Stillinger (1967) categorized the wood raw material into undried and dry 
sources. The undried wood raw material in order of   available volume 
consists of plywood mill residue which is normally chipped, and results form 
trimming veneer bolts and veneer chippings. 
 
 Round wood may be considered as the most important and includes, 
unprocessed forest products such as thick branches and thinnings as well as 
rejects from wood working factories using unseasoned wood. The common 
factor in this group is the relatively high moisture content which enables the 
production of good quality particles by chipping machine. The dry raw 
material or relatively low moisture content consists of planer shavings 
generating from surfacing kiln dried timber, residue from plywood mills 
produced after veneer has been dried, and dry sawdust. Planer shavings are 
the major source of raw materials for particleboard manufacture due to their 
favorable cost and availability even though they do not possess the  best 
particle geometry (weak curled and bulky) (Moslemi, 1974). 
 
In Europe, logging residue does form a source of raw material for the 
particleboard industry due the pressures of rising production and limited raw 
material supply. 
  
Modern resins have also paved the way for utilization of non wood 
lignocellulosic materials – particularly agricultural residues. Bagasse from 
sugarcane waste is a major fiber source capable of producing acceptable 
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particleboard and other types of fiber base boards.  
 
Material used in this study consists of the following:- 
a) Eucalyptus camaldulensis, wood 
b) Acacia seyal,  wood 
c) Bagasse (agricultural residue) 
d) Urea-formaldehyde resin 
e) Hardeners 
 2.1.1.1.1 Eucalyptus camaldulensis :- 
Family: Myrtaceae. 
Latin name: Eucalyptus camaldulensis 
Common name :  Red river gum.  
 
Description  
Tree ranges in height between 30 – 45 m ( Bren and Gibbs, 1986).  
Bark smooth throughout, white, grey, brown or red.  
 
Eucalyptus camaldulensis is commonly grows on river line sites, whether of 
permanent or over much of seasonal water (Brooker et al., 2002). It is 
widespread along rivers of all continental Australia (Brooker and Slee, 
1996).  Kittisiri (1996) stated  that the Eucalyptus camaldulensis is native 
genus of Australia with over 600 species. It is a fast growing tree with a high 
level of resistance against diseases. It is most extensive on grey heavy clay 
soils, river banks and on floodplains subject to frequent or periodic flooding, 
10 
 
preferring deep moist sub soils with clay content (Coster mans,1989).In the 
murray  region it is most commonly found on brown and  red  clays (Dalton, 
1990).  
In the Sudan Eucalyptus  camaldulensis has been  planted on the  banks of  
the white Nile and blue Nile rivers   from  Sinar to   Eldmazin . It is widely 
used to protect endangered parts of the Gezira scheme. It has been reported 
by Nemli (2002) that the popularity of Eucalyptus camaldulensis from 
plantations as raw material for composites panels is also getting attention in 
many tropical and subtropical countries.  
It has been stated by Mehmet (2005) that Eucalyptus camaldulensis will be a 
significant raw material for particleboard production in years to come.  
The wood of Eucalyptus camaldulensis has been used for heavy 
construction, railway sleepers, flooring, framing, fencing, plywood, veneer 
and particleboard manufacture, wood turning, firewood and charcoal 
production (Boland, 1984).  
 
2.1.1.1.2 Acacia seyal: 
Acacia seyal var. seyal   
Family; leguminosae sub- family Mimosoideae 
Latin name; Acacia se-*yal Del 
Syn:       A. Stenocarpa (Hochst. ex.)    
 English name: whistling thorn.  
Arabic name: Taleh  (Vogt 1995) 
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Description:   
Tree ranges in height  between 3-17 m (Sahni 1968, ElAmin 1973).  
Bark powdery, smooth or sparsely flaking, whitish to greenish yellow, 
orange – red sometimes (ElAmin 1973).  
Stipular spins in pairs up to 10cm long. Inflorescence capitate, yellow; pods 
falcate constricted between seeds, glabrous; venation longitudinal  15-22cm 
long, 0.5 -0.9 cm wide, slightly ( ElAmin 1973 and  Sahni 1968)   
   
Acacia seyal is wide spread in the southern edge of the Sahara desert, 
especially, Mali, Chad and Sudan (AFTA,1994).  
  
In Sudan A. seyal var. seyal is spread allover the country, especially in 
central parts (Sahni 1968, and ElAmin 1976). It grows on heavy dark 
cracking clays on high slopes of rivers and valleys on the hard clay plains of 
central Sudan and seasonally wet depressions (ElAmin, 1990). There are 
many small forests of Acacia seyal along the Blue, and White Niles 
 
The tree has been planted under irrigation in both  Asalaia and Kenana sugar 
companies. These plantations are utilized for the production of both fuel 
wood and charcoal.  The wood is white to yellow-brown, finely striated with 
dark lined, coarse- grained, soft, easy to work, polishes well but discolors 
easily with mold and is susceptible to insect attack. The timber is difficult to 
saw, difficult to debark, difficult in hammer mill (Anonymous, 2005). The 
species has been reported   to contain 19-20% of extractives namely tannin 
(Jame -1983). 
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2. 1.1.2 Quality of wood raw material 
 
The quality of raw material affects board properties and is influenced by 
such factors as species mix, extent of enmeshed impurities, seasonal 
changes, residue supplier practices, and the particle from such reside. Apart 
from availability, the quality of the raw material is a prime consideration in 
deciding whether or not an economical plant operation is feasible. In 
localities where the variation in wood species mix and moisture content are 
large, many different manufacturing problems arise producing difficult 
operating conditions. When the delivered residue contains significant levels 
of foreign materials such as tram metal, cadmium particles, bark, mineral 
matter, dirt, glass and stones, not only will the board quality suffer but the 
impurities also damage the equipment . The wood – reduction process or the 
residue generating machinery can introduce contaminants. Oil and oil vapors 
from machinery or dirty tools will degrade the raw material by interfering 
with the wetting of the adhesives, (Moslemi,  1974).  
 
The study just referred to indicates any species particles can be stored up to 
three months with limited losses. Longer storage periods should be avoided, 
if possible, for the purpose of keeping contamination at the plant site to a 
minimum, limiting wood losses, avoiding the possibility of chip degradation, 
reducing  the risk of particles stored outside should be in long, narrow, low 
piles to reduce losses.  
  
2.1.2 Non- wood raw material   
Other lignocellulosic sources of raw material, e.g. , cotton stalks, straw, 
papyrus, palms, African elephant grass, gum bark, coconut and peanut shells, 
a long with others, hold some possibility for utilization as raw material for 
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board production, where adequate quantities of wood are not available. 
However, the problems associated with harvesting, baling and transportation 
make these sources of raw material unattractive, (Moslemi, 1974). 
 
2.1.2.1 Bagasse 
Bagasse is the residue fiber remaining when sugar cane is processed to 
extract sugar. Sugar cane is a large, perennial tropical grass which belongs to 
the family Gramineae. Sugar cane industry is important in many tropical and 
sub tropical countries including Sudan (Cobley, 1976). Bagasse can be used 
to produce various boards. Bagasse is composed of fiber and pith. The fiber   
is thick -walled and relatively long (1-4mm). For use in composites, fibers 
are obtained mostly from the rind, but there are fibrovascular bundles 
dispersed throughout the interior of the stalk as well ( Hamid et al.1983).  
Bagasse is available wherever sugarcane is grown. As such, almost no 
harvesting problems exist, and large volumes are available at sugar mills. 
Bagasse supply is relatively constant (chaman, 1956). As previously 
mentioned, only bagasse fiber is utilized for the production of high- quality 
composite panel. Various schemes are available to separate the bagasse fiber 
from pith. The fiber after depithing are more accurately described as fiber 
bundles, that can be used "as is" to make particleboard (Sugartree, 1992).  
 
2.1.2.2 Cereal Straw 
 
Straw can be used to supplement part of the fiber content in wood 
particleboard. Plants have existed in several countries to make thick (5-15 
cm) straw panels with Kraft paper faces (UNIDO, 1975). The panels are 
made by heating the straw  to about 200°C, at which point spring back 
properties are virtually nil. The straw is  fed through a reciprocating arm 
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extruder and made into a continuous low density (0.25 specific gravity) 
panel. Kraft paper is then glued to the faces and edges of the panels. These 
panels can then be cut for prefabrication into housing and other structures. 
The low density of these panels makes them fairly resilient, and test data 
show that housing built using these panels is especially earthquake resistant. 
In the  1980s, such a plant was set up in California to produce straw panels 
from wheat and rye straw (Roger, 1994). 
After bagasse, cereal straw is probably the second most important 
agricultural fiber for composite panel production. For the purpose of this 
paper, cereal straw is meant to include straw from wheat, rye, barley, oats, 
and rice. Straw, like bagasse is an agricultural residue. Unlike bagasse, large 
quantities of cereal straw are generally not available at one location. Storage 
is usually accomplished by bailing. The bales must then be transported to a 
manufacturing facility. Straws have a high ash content thus tending to fill 
fireboxes in boilers. Their high inherent silica content results in increased 
tool wear compared to other lignocellulosic composites. Conversely, the 
high silica content also tends to make them naturally fire-resistant. 
Substituted straw at a rate of 8% found no major problems except that the 
sander dust from the faces deposited additional ash in the boiler. This plant 
then stopped using straw in the face and used it only in the core. At a rate of 
10% or less, the effect on tool wear was not significant (Knowles, 1992). 
The time of harvest for the straw is important to board quality (Rexen, 
1977). The quality of the straw is highest when the grain is at its optimum 
ripeness for harvesting. Under-ripe straw has not yet yielded its full 
potential, and over-ripe straw becomes brittle. For particleboards, straw is 
reduced by hammer milling or knife milling. For the production of fiber-
based products, straw can be pulped by using alkali treatments and refining.  
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Ryegrass straw particleboard was commercially produced in the United 
States in Oregon (Loken et al., 1991). 
 
2.1.2.3 Coconut Coir 
 
coconut coir is the long fiber (15-35 cm) from the husk of the mature 
coconut and the average husk weighs 400 grams (Singh, 1979). Coir is a 
fiber source for many cottage industries and it is readily woven into mats and 
made into ropes and other articles for both domestic use and export. 
Coir has been used to produce a variety of composite products including 
particleboards and fiberboards. When used as a reinforcing fiber in 
inorganic-bonded composites, coir is very resistant to alkalinity and 
variations in moisture, when compared to other lignocellulosic material 
(Savastano, 1990). 
 
2.1.2.4 Corn Stalks 
 
Based on our literature search, there is currently no commercial utilization of 
corn stalks or cobs in lignocellulosic composite production. However, a low-
density insulation board was produced in Dubuque, Iowa for several decades 
in the middle of last century. In addition, a three-layer board having a corn 
cob core and wood veneer face was produced for a short time in 
Czechoslovakia after World War II (UNIDO, 1975). 
Corn stalks, like many agricultural fiber sources, consist of a pithy core with 
an outer layer of long fibers. Currently in the United States, corn stalks are 
chopped and used for forage, Left on the field, or baled for animal bedding. 
The cobs are occasionally used for fuel. Research shows that corn stalks and 
cobs can be made into reasonably good particleboard and fiberboard (Chow, 
1974).  
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2.1.2.5 Cotton Stalks 
Cotton is cultivated primarily for textile fibers, and little use is made of the 
cotton plant stalk. Stalk harvest yields tend to be low and storage can be a 
problem. The cotton stalk is plagued with parasites, and stored stalks can 
serve as a breeding ground for the parasites to winter over for next year's 
crop. Attempted commercialization of cotton stalk particleboard in Iran was 
unsuccessful for this reason (Roger, 1994). Cotton stalks could be an 
excellent source of fiber. With respect to structure and dimensions, cotton 
stalk fiber is similar to common species of hardwood fiber (Mobarak and 
Nada, 1975). As such, debarked cotton stalks can be used to make high 
grades of paper. The stalk is about 33% bark and quite fibrous. Newsprint 
quality paper can be made from whole cotton stalks. For particleboard 
production, cotton stalks can be hammermilled like other materials. For 
fiberboards, cotton stalks can be refined with or without chemical treatment, 
depending on the quality of fiber desired. 
 
2.1.2.6 Jute 
 
Jute is an annual plant in the genus Corchorus. The major types grown are 
generically known as white jute and tossa jute. Jute, grown mainly in India 
and Bangladesh, is harvested at 2 to 3 months of growth, at which time it is 
3-5 meters tall. Jute has a pithy corer, known as jute stick and the bast fibers 
grow lengthwise around this core. Jute bast fiber is separated from the pith in 
a process known retting. Retting is accomplished by placing cut jute stalks in 
ponds for several weeks. Microbial action in the pond softens the jute fiber 
and weakens the bonds between the individual fibers and the pith. The fiber 
strands are then manually stripped from the jute stick and hung on racks to 
dry. Very long fiber strands can be obtained this way. If treated with various 
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oils or conditioners to increase flexibility, the retted jute fiber strands are 
suitable for manufacturing into textiles. Most composites made using jute 
exploit the long fiber strand length. Commercially, both woven and non-
woven jute textiles are resin- or epoxy-impregnated and molded into fairly 
complex shapes. In addition, jute textiles are used as overlays over other 
composites. Jute stick is used for fuel, and in poor areas it is stacked on end, 
tied into bundles, and used as fences and walls. 
 
2.1.2.7 Wheat straw 
 
Wheat straw, an agricultural residue, is annually generated in abundance 
around the world. The average yield of straw is 1.3–1.4 kg per kg of grain. In 
North America and Europe, nearly 300 million tons of wheat straw are 
produced yearly (Montane´ et al., 1998). Wheat straw is a lignocellulosic 
material containing about several applications. Pretreatment is usually 
needed to improve digestibility when wheat straw is used as livestock feed 
(Jackson, 1977; Flachowsky et al., 1996; Karunanandaa and Varga, 1996). In 
addition, extensive literature has been published concerning bioconversion 
of lignocellulosic materials to bio-chemicals and Although tremendous 
efforts have been attempted to convert it into value-added products, wheat 
straw has not yet been fully utilized, especially in developed countries. 
Currently, besides remaining in the field to be incorporated into soil, wheat 
straw is mainly used for several applications. Pretreatment is usually needed 
to improve digestibility when wheat straw is used as livestock feed (Jackson, 
1977; Flachowsky et al., 1996; Karunanandaa and Varga, 1996). In addition, 
extensive since lignocellulosic materials are only partially digestible in their 
native form, many mechanical, chemical and biological pretreatment 
processes have been proposed to make the subtracts susceptible to enzymatic 
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and microbial action, such as steam explosion (Montane´ et al., 1998), dilute 
acid hydrolysis (Grohmann et al., 1985), wet oxidation (Klinke et al., 2002), 
autohydrolysis (Lawther et al., 1996; Kubikova et al., 1996) and 
organosolv (Jime´nez et al., 1997; Sun et al., 1997). 
literature has been published concerning bioconversion  of lignocellulosic 
materials to bio-chemicals and biofuels (Garde et al., 2002).Straw 
particleboard manufacturing is a growing industry.  Particleboard is 
composed of fibers bonded by an adhesive and made into a solid board by a 
pressing operation combined with heat (Montane´ et al., 1998).  Straw 
particleboard refers to particleboard made form grass straw, wheat straw, and 
other cereal straws.  It is an ideal and appealing alternative to wood-based 
particleboard for economic and environmental reasons (Klinke et al., 2002), 
2.1.2.8 Kenaf 
 
Kenaf is a hibiscus, and is similar to jute or hemp in that it has a pithy stem 
surrounded by fibers. The fibers make up 20-25% of the dry weight of the 
plant (LaMahieu et al., 1991). Kenaf grows well in warm climates and does 
not have the narcotic effect found in the non-fibrous parts of the hemp plant. 
Mature kenaf plants can be 5 m high. Kenaf is currently generating much 
interest from government and industry. The U.S. Department of Agriculture 
is promoting kenaf, and other non-food, non-feed agricultural crops, because 
these crops are not subject to subsidies (AARC, 1992). 
As an indication of the interest in Kenaf, a recent bibliography devoted 
solely to Kenaf had 241 scientific citations (USDA, 1992). Also, the  
International Kenaf Association was formed and is devoted to the study and 
promotion of kenaf. Historically, kenaf fiber was first used as cordage. 
Industry is now exploring the use of kenaf in papermaking and nonwoven 
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textiles. Like jute, most kenaf composite products exploit the long aspect 
ratio of kenaf fibers and fiber bundles. One way to do this is to form the 
kenaf into a nonwoven textile mat that can be used for erosion  control, 
seedling mulches, or oil spill absorbents. After a resin is added to the kenaf 
mats, they can be pressed into flat panels or molded into shapes, such as 
interior car door substrates. In addition, low-density particleboard based on 
kenaf pith is produced in Spain (Roger, 1994). Kenaf pith is used in other 
parts of the world for animal bedding and other absorbent applications. 
Environmental concerns prevent the retting of kenaf fiber in the United 
states; therefore, alternate means of separating the bast from the pith are 
employed. If dry,  separation begins by chopping the kenaf stalk into shorter 
lengths, which fractures the pith. Standard screening and air separation 
techniques can then be used to separate the two different materials. 
Commercially, kenaf bast fiber separated this way can be purchased 98% 
pith-free. The Tilby process has also been employed experimentally for 
separating green kenaf stalk. Kenaf is generally stored in a dried and baled 
state. 
2.1.2.9 Rice Husks 
 
Rice husks are an agricultural residue that are available in fairly large 
quantities in one area. Trees “store on the stump” and with rare exception 
other lignocellulosics do not share this luxury. Rice husks are a notable 
exception because they are stored on the grain. The grain is stored to be 
milled year round, making the availability of rice husks reasonably uniform, 
at least in the United States (Roger, 1994). Rice usually comes to the mill at 
about an 8% moisture content level (Vasishth and Chandramouli, 1974). 
Rice husks are quite fibrous by nature and little energy input is required to 
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prepare the husks for board manufacture. To make high-quality boards, the 
inner and outer husks are separated and broken at their “spine.” This can be 
accomplished by hammer milling or refining. Rice husks have a high silica 
content, and present the same cutting tool problems. 
 
2.1.2.10 Other Fiber Sources  
Other important fiber sources include flax shives, bamboo, papyrus, and reed 
stalks. Many countries like France, Sweden, Belgium, and Germany use flax 
shives to produce resin-bonded particleboards. In the United States, flax is 
also used in the manufacture of insulation board by mixing with wood pulp. 
There are two varieties of flax; one is for fiber and the other is for linseed oil 
production. Bamboo is an important source of raw material for fiberboards in 
tropical countries. Most varieties of bamboo are fast-growing and produce 
strong fibers; particleboards from bamboo have also been made. Papyrus is 
used in making hardboard in East Africa. Particleboards have been produced 
from reed/ typha mixtures that meet or exceed specifications. Insulation 
boards and plastic-bonded boards have also been prepared from reeds. Other 
miscellaneous fibers include: banana leaves, grasses, palm, sorghum, ect. 
While many fibers have been used successfully in the laboratory to produce 
boards, most of these material have not been used commercially because of 
cost or other factors. 
 
2.2. Binding materials   
Binding or adhesive materials have been produced from natural, synthetic 
and inorganic sources. The advent of synthetic resins had paved the way for 
the production of viable panels.  Synthetic adhesive can be classified into 
thermosetting and thermoplastic (Mohamed, 2004). Thermosetting resin 
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system for timber are usually based on formaldehyde.  Thermosetting is a 
material  having the property of undergoing a chemical reaction by the action 
of heat, catalysts, ultraviolet light, etc, leading to a relatively infusible state 
(IRVING, 1962).  
 
Thermoplastic adhesive as far as timber is concerned are based on poly vinyl 
acetate ( Dinwoodie, 1996).  Thermoplastic is a material which will                    
repeatedly soften  when heated and harden on cooling. Thermosetting 
adhesive hardens by heat. Their bonding is irreversible. Thermoplastic 
adhesives are high polymers which melt or soften when heated and re- 
harden when cooled ( Kollmann, 1975). 
 
For the production of particleboard made of annual plant residues, mainly 
urea-formaldehyde or urea-melamine formaldehyde was used. A new 
binding material –the polycondensation product of urea borates and urea 
phosphate with silicates has been formulated ( Kozlowski et al. 1994).  
 
Binders for particleboard which are available in the market include: Urea 
formaldehyde, Phenol formaldehyde, Melamine-urea formaldehyde,  
Isocyanates, Tannin formaldehyde and cement (Anonymous, 2003a). 
. 
Particleboards have been produced using a wide range of resins including 
urea formaldehyde, phenol formaldehyde.   
     
2.2. 1 chemical composition of adhesives  
An adhesive may be either organic, inorganic or hybrids. The organic 
materials may be classified according to their origin as:  
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2.2.1.1 Natural materials  
 These include : Starch, dextrin’s, animal and vegetable proteins, natural 
rubber, shellac, Animal glues, Ester Gum, Rosin ester, Blood albumin. 
 semi-synthetic (IRVING, 1962). 
 
Cellulose nitrate and other celluloses, polyamides derived from dimmer 
acids, castor-oil based poly urethanes (IRVING, 1962). 
2.2.1.2 Synthetic adhesives  
Vinyl type addition polymer,  polyvinyl acetate, polyvinyl alcohol, acrylics, 
unsaturated polysters and butadiene etc. 
  
Polymers formed by condensation and other stepwise mechanisms, 
polyurethanes, polysulfide rubbers, and the reaction products of 
formaldehyde with Phenol, resorcinol, urea, and melamine. 
As the wood particleboard industry has grown over the last seven decades, 
its products have improved substantially in quality. Availability of better 
synthetic resins has largely been responsible for this development (IRVING, 
1962). 
 
2.2.1.2.1 Urea –formaldehyde resin 
Urea formaldehyde resins are  relatively high–molecular–weight polymers of 
urea and formaldehyde dispersed in a water medium(Maloney, 1977).  They 
were developed in the early 1930's. They have been widely used all over the 
world in binding solid wood, plywood and particularly particleboard 
(Dinwoodie, 1983a).  
 
Urea formaldehyde resins have undergone many improvements which, 
together with the reduction in their cost, have kept them in the leading 
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position among adhesives used in particleboard manufacture in the past 
several decades (Moslemi, 1974). They  are usually synthesized by 
condensation in aqueous, basic media. Depending on the ultimate application 
of the product, a 1.5- to 2-fold excess of formaldehyde is employed.  
 
Suitable catalysts are all basic compounds, provided they are water-soluble 
to some extent. The most widely used catalysts are the alkali hydroxides.  
The pH of the reaction mixture should not exceed 8-9 to prevent occurrence 
of the Cannizzaro reaction of formaldehyde. The pH must be kept constant 
by buffering or by repeated addition of base.  
 
The reaction takes place 10-20 minutes under a temperature of 50-60 0C. 
Catalytic cross linking is carried out with free acids (acid hardening). Large 
amounts of acid (pH=2) cause the cross linkage to occur at room 
temperature. 
At least 90% of particleboard is produced with urea formaldehyde in central 
Europe (Kollmann et al., 1975), because urea formaldehyde resin is 
comparatively cheap and easy  to apply (Moslemi, 1974). 
 
Urea –formaldehyde normally requires the addition of a hardening agent to 
initiate the final state of curing (Rayner, 1965). These hardeners are either 
acidic themselves or capable of liberating acids when mixed with the 
adhesives (Moslemi, 1974).  
 
Solutions of ammonium salts, generally ammonium chloride, or ammonium 
sulphate or mixtures of ammonium chloride with urea are used as hardeners 
(Pizzi, 1983).  
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If the viscosity is not in the proper range, it can hamper efficient operation of 
the resin application system resulting in poor resin distribution in the 
blending operation. 
 
Resin viscosity is affected by a number of variables including temperature. 
Increased ambient temperatures result in lower viscosities for both urea and 
phenolic resins. Tests on resin viscosity, under appropriate conditions, can 
reveal information pertinent to its age, quality, and in many cases, wetting 
characteristics.  
 
It is generally recommended that the resin viscosity ranges between l00 - 500 
Centipoise at 21 Cْ for particleboard production. 
  
The urea and phenolic formaldehyde resins contain a certain percentage of 
solids in a water medium. In particleboard production, the solids content 
should be high enough such that upon completion of the blending operation, 
excessive amounts of  water have not been added  to the wood furnish .The 
solid content on the other hand can not be excessively high since the resin 
becomes too viscous, causing problems associated with resin viscosity 
already mentioned. 
  
The solids content of resin supplied to the particleboard industry is normally 
about 65 percent for urea–formaldehyde and 40-50% of phenolic resin. 
Solids content may be determined by weighing a small amount of the 
adhesive in a clean container and heating until a constant cured weight is 
obtained (Moslemi, 1974). 
 
The tack is a property that refers to the ability of the adhesive to create an 
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amount of adherence on contact-with the development of caulless production 
lines and other modification in the manufacture of particleboard. Proper tack 
development has become a critical requirement. In a particleboard plant, the 
tack is used to describe varying degrees of adhesion between resin–coated 
particles. 
 
The degree of tack required by different particleboard manufacturing system 
for smooth, trouble-free operation varies even within the same process. The 
tact requirements depend on raw material, equipment, and plant 
environmental factors such as particle geometry which has a large influence 
on the degree of tack needed, flaking and fibers. For a typical board process, 
the resin should remain fluid and not develop tack in the blender. 
Instead tack may be developed at the pre-press. To optimize the performance 
of any particleboard line the tack requirement of each processing step must 
be assessed. 
 
The cure rate of the resin obviously influences the rate of production. The 
use of slow curing resins leads to uneconomical plants. However, the rate of 
cure of a given resin must not be so fast as to produce procure before the full 
pressure is applied to the mats. Further, good resins, will not stick to the 
cauls or platens once cured. 
 
The odor of formaldehyde repugnant and, when excessive is considered a 
serious nuisance. All urea and phenol formaldehyde adhesives release 
varying amounts of formaldehyde during hot pressing and later from the 
products utilizing such binder. 
 
The working property is the indicator of time which can lapse between the 
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moment the adhesive is ready for use. A number of factors, i.e., adhesive age, 
the temperature encountered by the resin during transportation, storage, and 
application, and precicion with which a resin is catalyzed, influence the 
working life of an adhesive. The working life begins in particleboard 
manufacture when catalysts and additives are added until most  of the 
particles are being consolidated under full pressure and heated in the hot 
press. The resin suppliers and manufactures, based largely on experience, 
usually provide the board plant with information on the length of the working 
life yielded by their resin under various circumstances encountered in the 
plant. To avoid the hazard facing a short working life, continuous mixing 
system (catalyst and resin) can be very helpful sciences in this type of 
arrangement no appreciable amount of time elapses before the mats reach the 
hot press. 
The flow is the property that refers to the ability of the resin to retain its fluid 
state in the early moments of hot pressing when the mat has been subjected 
to intense heat and pressure. A resin with good flow properties continues to 
wet new particle movement in the mat before it is solidified by 
polymerization. Optimum flow properties allow good board consolidation 
resulting in acceptable strength and surface characteristics, however, 
excessive flow is not to be considered desirable because it can result in over 
penetration of resin into the particle, thereby depriving the contact area of 
adequate resin solids (Moslemi, 1974). 
Production particleboard and  medium density fiberboard MDF uses a high  
proportion of urea formaldehyde resins (UF) in comparison to other 
resins(Anonymous. 2005a). 
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2.2.1.2.2 Phenol formaldehyde 
Phenol formaldehyde, a thermosetting resin, is used to impregnate web in 
order to produce water and heat resistance web products. The resin 
application method utilized is similar to dip and scrape method. By passing 
the paper through pinch rollers, excess resin is removed; thereby  passing the 
paper through pinch roller controls the resin content of the paper. To 
polymerize the resin, heat is applied to the impregnated paper. The web is 
removed from the oven when it is tack free but not fully polymerized. The 
unreacted liquids such as formaldehyde, solvent (s) and moisture are 
evaporated and exhausted to the incinerator. Finally, the web is rewound as it 
exits the oven and stored. Furthermore, this resin is used as high 
performance abrasive products, in the insulator materials, for bonding and 
lamination. It should be easily applied and firmly adhere to the web. Other 
properties should include well penetration and improving the wet-strength of 
web similar to or better than the phenol-HCHO resin. For curing it may need 
curing agent or catalyst. The catalyst used to initiate the curing and 
polymerization at minimum heat, preferably in two stages similar to phenol 
formaldehyde resin that would meet the process requirement. Although, 
phenol-HCHO may be one of the less expensive resins, and its ingredients 
polymerize easily and form insoluble coating when cured, it is, nonetheless, 
associated with serious environmental problems. 
  
2.3. Additives:  
It was shown that the use of a special hardener and additives in glue mix for 
particleboard production can result in boards of increased weather resistance  
while the level of formaldehyde emission is kept low with the use of a 
catcher. Furthermore, results from biological tests have proved that boric 
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acid added to the glue mix improves the boards biological resistance. 
Therefore, a glue mix formulation for particleboards that provides improved 
weather and biological resistance with low formaldehyde emission levels has 
been developed. It was also shown that the presence of an agent is not 
necessary in order to avoid leaching of boric acid, presumably because the 
resin itself acts as an agent. This is significant from the financial point of 
view since the cost of the preservative system is in this way greatly reduced 
(Anonymous, 2005b) 
In particleboard manufacture, a number of additives are often incorporated in 
the structure to enhance its performance under certain circumstances. 
 
Additives include sizing agents, fire retardants, inset repellents, and 
fungicides. It is therefore, essential that the adhesives properties and curing 
mechanism not be adversely disturbed when these compounds are added . 
Furthermore the efficiency of the adhesive must not suffer from the  addition 
of adhesives. The current generation of urea-and phenol– formaldehyde 
adhesives generally meet these requirement. 
 2.3. 1. Wax  
Wax products, prepared from petroleum and synthetic waxes, are highly 
useful in the particleboard manufacturing process . By applying these 
products, the following characteristics are given to the particleboard 
products: 
* Water repellency.  
* Decreased water adsorption.  
* Resistance to swelling caused by water.  
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The purpose of the wax emulsion in the manufacture of various board 
products is to make the boards moisture resistant to a certain degree. This 
emulsion is made of two parts, one part paraffin wax and the other part 
water. In the process, the wax is melted and in molten form passes into hot 
water. A dispersing agent is added and the whole mix is passed through a 
high pressure homogenizer. A large amount of pressure is exerted on one 
side of the material while the other side is atmospheric. The material 
expands passing through the machine and this expansion tears all the 
particles into tiny droplets. That gives a stable dispersion of wax in water. 
From there it is stored and passed through the particleboard manufacturing 
line. The quality of the equipment used in manufacturing particleboard 
emulsion will determine the quality and stability of the end product. 
(Anonymous, 2005b) 
2.3.2 Hardeners  
Hardeners are essentially chemical additives incorporated into the resin 
system usually just prior to the blending operation in order to make binders 
more responsive to the requirements of particleboard manufacture (Moslemi, 
1974).  Hardeners have already been discussed in conjunction with the resin 
binders. 
2.4. Manufacturing processes 
 
Particleboard is a product manufactured from Lignocellulosic materials, 
primarily in the form of discrete particles, combined with a synthetic resin or 
other suitable binder and bonded together under heat and pressure (Darrell, 
2004). The particles with added resin into a low density mat which is moved 
into a press and compressed to cure the resin. 
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The basic steps of particleboard manufacture are  raw material procurement 
or generation, classifying by size, drying, blending with resin and sometimes 
wax, forming the resinated material into a mat, hot pressing, and finishing 
(Maloney, 1977 ). 
 
Wood composites are any combination of two or more materials, in any form 
and any use. In the wood industry, the terms composite and wood are usually 
used to describe any wood product that is glued together. Wood composite 
boards such as particleboards are traditionally manufactured by mechanical 
disintegration of wood raw material followed by gluing of the resulting 
particles with thermosetting resins to desire dimension. 
 
 Lignocellulosic composite is a generic term applied to a group of board  
materials manufactured from wood or other lignocellulosic fibers or particles 
to which a binding agent and other materials may be added  during 
manufacture to obtain or improve certain properties.  It is composed of two 
types of boards fibrous felted and particleboard (Maloney, 1977).  
 
The fibrous – felted board is a felted wood based panel material 
manufactured from refined fibers or by an interfelting of fibers and, in the 
case of certain densities and controlled conditions of manufacture, by 
ligneous bond, and to which other material may have been added during 
manufacture to improve certain properties. These types can be classified 
according to the pressing conditions into insulating board and hard board. 
 Insulating board is a generic term for a homogeneous panel that is made 
from wet formed, interfered lignocellulosic fibers (usually wood or 
bagasse).The panels are consolidated under heat and pressure to a specific 
gravity. There are many different types, names and uses of insulation boards. 
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Hardboard is a generic term for a panel that is manufactured primarily from 
wet or dry formed, interfelted lignocellulosic fibers and has been 
consolidated under heat and pressure to specific gravity. Hardboards are 
classified by density, surface finish, thickness, and minimum physical 
properties.  
 
Particleboard is defined as a panel product manufactured from 
lignocellulosic materials, primarily in the form of discrete particles, 
combined with a synthetic resin or other suitable binder and bonded together 
under heat and pressure.( Haygreen, and Bowyer, 1989)  
  
Other definition of particleboard from FAO (2004) stated that particleboard 
is a sheet  material manufactured from small pieces of  wood or other 
lignocellulosic materials (e.g., chips, flakes, splinters, strands, shives, etc) 
agglomerated by use of an organic binder together with one or more of the 
following agents heat, pressure, moisture, a catalyst, etc. (wood wool or 
other particleboards with inorganic binders are excluded). 
 
 Other definition of particleboard is a wood panel product consisting of 
wood particles of various sizes that are bonded together with a synthetic 
resin or binder under heat and pressure. The recovery and use of residual 
wood in the manufacture of particleboard and MDF helps to make optimal 
use of our forest resources. Wood chips, edging, and planer shavings are all 
utilized (Anonymous, 2000,a).  
 
Particleboards are further divided into subclasses according to their density, 
into: low- density particleboard (density  less than 500 kg/m3), medium- 
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density  particleboard (density between  500- 800 kg/m3) and high density 
particleboard density greater than 800kg/m3)(Radziszewski& Picard 2005). 
 
Particleboard is the dominant furniture panel in the world and also used 
widely in the construction industry. The process lines are becoming quite 
sophisticated as modern measuring devices are invented.  The basic raw 
material remains the same, plant residues of low- quality and recycled wood. 
Preparation of particles is changing not only because of the development of 
new particle-generating machines but because of the size of the particles. 
Many different kinds of continuous processes have been developed over the 
years as well as many different types of treatments have been used to 
improve the dimensional characteristics of particleboard (Maloney, 1989). 
Almost all types of raw material require some type of cutting or milling. 
Chips must be cut into flakes or smaller and finer particles. Round wood is 
usually debarked and cut into shorter length which is reduced further into 
flakes, wafers or strands. Some times, planer shavings may have to be milled 
further to obtain the size of particleboard. A variety of machines including 
refiners, flakers, and hammermills are utilized.  
There are many different manufacturing problems and factors that result in 
difficult operating and production conditions. When the delivered residue 
contains significant levels of foreign materials such as tram metal, cadmium 
particles, bark, mineral matter, dirt, glass and stones, not only will the board 
quality suffer but the impurities also damage the equipment . The wood 
reduction process or the residue generating machinery can introduce   
contaminants. Oil and oil vapors from machinery or dirty tools will degrade 
the raw material by interfering with the wetting of the adhesives (Moslemi, 
1974).  
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The presence of extractives in the furnish-influences the integrity of 
particleboard in both negative and positive ways. For instance, extractives 
can have adverse effects on the setting of adhesives, thereby lowering the 
strength of the particleboard bond. Extractives can also be volatilized in the 
hot press under the influence of high pressure, heat, and moisture and may 
cause blows severely reducing the internal bond. Wax and oil contents are 
problematic in forming sound adhesive bonds, particularly in such species as 
gum, teak and Brazilian rose wood. Soft woods and hard woods may cause 
blows when their extractive laden heartwood is present in high proportion in 
the furnish. In such cases it is advisable that they be some what drier during 
pressing to reduce the chance of blows. The oaks, with their tannic acid 
content, interfere with the durability of the bond particularly under sever 
exposure. In some cases, such extractives contaminate the adhesive 
impairing its cohesive strength. A high content of minerals such as silica 
cause usually  an excessive rate of wear in cutting knives, saws, and the like, 
thus constituting a drawback for the particular raw material being used by 
the mill, (Moslemi, 1974). 
 
Particleboard manufacturing was developed in Germany in the late 1940s 
and introduced to Australia in 1957 when Core board Ltd. (later purchased 
by Softwood Holdings Ltd.) established a plant at Mt. Gambier. It used 
radiata pine thinning product and saw-log tops, for which there was little 
alternative use. After bark  removal the logs were converted into thin flakes 
which were dried, mixed with urea-formaldehyde resin and then 
continuously extruded through a heated die. A second plant, built at Oberon, 
NSW by Panel board. Ltd. (a subsidiary of CSR) in 1960, used an improved 
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process which formed the board on an endless steel wire mesh, cut   into 
lengths and then pressed between heated platens. In this product the flakes 
were aligned in the plane of the board, giving better tensile and bending 
strength in that plane compared with the extruded board, in which the flakes 
were oriented at right angles. Later plants used substantially the same 
process, although the endless wire mesh was replaced by a flexible steel belt.  
Particleboard was developed in the United Stated and Europe during the 
1930’s. Germany, with a lack of wood panel material, quickly moved into 
commercial production in 1941. The parallel development of urea 
formaldehyde and phenol formaldehyde resins as bonding agents was an 
important advancement. 
 
The reason for the  great development of particleboard production in the last 
sixty years has been the fact that particleboards are a homogenous material 
both for industrial production and for construction. Their production enables 
effective exploitation of the raw material base. Whereas only one type of 
boards were available at first. Development of new manufacturing processes, 
binders and surface treatments created conditions for a wide applicability of 
boards even in the most demanding conditions (čiźEK,1983). 
 
Peas, 1989, reported  that the major growth opportunities are forecasted in 
the panels market. This growth is expected to continue and “there is no 
fundamental reason why it should end”. The annual survey of the wood 
based panels by world wood journal (Anonymous,1988) show  a renewed 
strength in particleboard and more interest in  mineralboards and panels from 
bagasse. 
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The main wood panel types in the market which are fiberboard, particleboard 
and oriented strand board (OSB), and plywood are within the scope of 
ISO/TC89 and subcommittees. Wood -based panels are mainly used in the 
building sector and in the furniture industry.  
 
The well established product increase in production on a high level in case of 
particleboard and plywood are still the most important wood- based panels 
with a moderate increase of production on a high level in case of 
particleboard (ISO/TC89). 
International standard organization (ISO/TC)89 reported that the market 
shares of wood-based panel types are significantly different in Europe, North 
America and Asia.  
 
According to FAO world survey report (1990) there was 125,883,000 m3 of 
panel production through out the world in 1988.  
The supply of wood which so far has been the common raw material for 
particleboard manufacture has become problematic (Vermass, 1981). Fuller 
(1987) mentioned that the raw materials prices are rising  due to decline in 
wood supply. There is clear evidence that the timber demand  supply balance  
will be tightened significantly and will result  in switch in  to different types 
of wood or non-wood products.  
Despite the extensive forest areas in many parts of the world and the 
improved management of forests, the marketable yield is still finite.  
 
The present world of composites is one where millions of tons of product are 
produced worldwide annually. Plywood , inorganic –bonded materials, 
insulating board (non compressed fiberboard), and hardboard (compressed 
fiberboard), were produced in significant amounts before 1950, but these 
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products, plus all new composites, have become a major part of the forest 
products industry today. 
 
FAO/(2002)  reported  that the production of particleboard in Europe for 
year 2001 was 37.213 million m3 while  North America produced 31.563 
million m3.  It was forecasted that an overall  continued growth will prevail 
in the coming years. The total production of the particleboard is expected to 
be 41.63millionm3 in Europe and 33.08millionm3 in North America 
(Anonymous, 2004).  
 
The consumption of wood-based panels was projected to be 2375 thousand 
cubic meters in Africa in the 2010 and 6000 cubic meters in the 
Sudan(FOA).  
 
European Panel Federation (EPF) reported that the particleboard production 
during 2004, within EPF member countries amounted to 34.3 million m3 and  
a robust  increase of 5.2%, but even the previous record level from the years 
2000 was topped by more than 1 million m3. On the overall European level, 
particleboard production increased by 4.8% during 2004 up to 38.2 million 
m3. 
 
Against the constantly increasing population and consequent increasing 
demand for wood-based products, the supply may not  meet the demand. 
Thus the particleboard trade is intensifying its efforts to find other suitable 
substitutes for wood as raw material (Fuller, 1987).  
 
Today's particleboard gives industrial users the consistent quality and design 
flexibility needed for fast, efficient production lines and quality consumer 
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products. Particleboard panels are manufactured in a variety of dimensions 
and densities, providing the opportunity to design the end product with the 
specific particleboard needed. 
 
2.5  Particleboard Properties  & uses 
 The properties of particleboards greatly depend on the kind of bonding 
agents  used in their production. Currently, about 90% of the world 
production of particleboards is manufactured with the use of urea-
formaldehyde (UF) resins (Mohamed, 1993).  
Moreover, the hardening  agents also affect the strength of properties of 
particleboard.  
Particleboard that is not densely compacted will have rough edges and the 
interior may contain cavities. Particleboard might typically be used for your 
kitchen counter, (where it would covered), and thus protected from moisture, 
by laminate material, such as Formica. Particleboard can be manufactured in 
different sizes, thicknesses, densities and grades for a variety of end uses. 
It has relatively homogeneous properties making it an excellent core material 
for furniture manufacturing. Over the years, the industry has concentrated its 
effort on improving board surface smoothness for improved finishing and 
laminating purposes. Particleboard applications include furniture, cabinets, 
floor underlayment, subflooring in manufactured housing, door cores, and 
many other non-structural industrial applications. 
The uses of hardboard are diverse, but they can be generally subdivided 
according to uses developed for construction, furniture and furnishing 
cabinet and store flxture work appliances, and automotive and rolling stock. 
Much of the recent success of hardboard resulted from the development of 
products for a specific use and the specification, and finishes for each 
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product.  
 
2.6. Effect of Furnish moisture  content on the particleboard 
process and properties:   
Furnish moisture content exerts much influence both on the manufacture and 
the properties of particleboard. Too high or low levels of furnish moisture 
result in troublesome operation and produce a poor quality board. The 
optimum moisture content depends on many factors such as geometry, and 
wood density, among others, making generalizations difficult 
(Moslmi,1974). 
 
The maximum board strength occurs when the moisture content ranges 
between 8 to 12 percent at the particle–particle interface. Generally, it is 
advisable that the boards made from low–density woods possess a relatively 
lower moisture content compared to boards made from denser woods. 
 
To make a board of a given density and volume using a low - density wood 
species will require a large number of particles. This is conducive to 
compaction. Thus excessive moisture in mat made up of low density 
particles is likely to lead to low board strength or, in extreme cases, results in 
blows and blisters. Excessive mat moisture generally leads to longer  total 
press times due to the moistures retarding action on the curing of the 
adhesive. It is responsible for core delamination and occasionally 
delamination closer to the board surfaces during hot pressing this 
phenomenon results in the accumulation of moisture at these locations 
washing away the adhesive and generally interfering with the bonding 
action. Too low a mat moisture content is also a problem in the particleboard 
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process. Low mat moisture slows heat transfer from the surface to the core. 
The fast transfer of heat from the mat faces to the core is essential in short 
press cycles. On the contrary, too low mat moisture can lead to a nonuniform 
panel density and an unacceptably rough surface (Moslmi, 1974). 
 
In addition, low moisture content can lead to poor surface wetting 
characteristics for the particles, thereby inhibiting resin flow and transfer. 
Some also believe that over absorption of resin by excessively dry particles 
deprive the particle contact area of sufficient binder. Perhaps the most 
important draw back associated with dry mat is the resultant reduction in the 
total contact area in the mat structure due to lack of pliability. For quality 
board production has been the practice of creating differential moisture 
content with the surface layer possessing higher levels of moisture compared 
to that for the core. Moisture differentiation can result in a number of 
advantages during the hot pressing operation with such as rapidly 
consolidating the mat surfaces into a dense, strong layer( Moslmi, 1974). 
 
In order to create a moisture differential, either surface particles with higher 
moisture are used or, just prior to hot pressing, the mat surface is sprayed 
with a given quantity of water per unit surface area. An optimum exists in 
the amount of water sprayed, depending on such factors as shape and size, 
and mat moisture content (Moslmi, 1974). 
 
Particle geometry (shape and size) is a prime consideration affecting both the 
board’s important properties and its manufacturing process. Particle 
geometry affects the face and edge appearance significantly. Further, the 
behavior of particleboard to machining (i.e., sawing, routing), shaping, 
planing, and sanding is also affected by the type of particle used in 
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manufacturing the product. The term particle is a generic term applied to all 
lignocelluloses elements from which particleboard is made. Particles are 
produced either through the action of a hammermill, generating small pieces 
of indistinct geometry, or by a set of knives as in flakers, which produce 
engineered particles of predetermined dimension. Presently, the industry is 
using the term particleboard to describe a family of products made with the 
various types of particles. Particle types used in the production of 
particleboard can be as coarse as pulp chips or as fine as sander dust. Some 
particles are by–products of wood working operations while others are 
principally enumerated for the specific purpose of particleboard 
manufacture. The reduction of wood raw material into a given particle type 
depends on the from of raw material a plant receives. For instance, when the 
available raw material is in round form or large green solid waste, it can be 
reduced to any particle type and size desired. On the other hand, when 
residue of small particle configuration is being received, there is only a 
limited variety of particle type which can be generated. Per constant amount 
of resin (based on weight), short, thick particles produce a board of higher 
internal bond strength compared to one made of long thin particle. Short, 
thick particles normally used in the core layer require a greater amount of 
resin per unit surface area as compared to long, thin particles or very fine 
granular particle used for surface layers. Longer and thinner particle, 
everything else being the same, produce aboard with higher bending strength 
and dimensional stability. Shorter and thicker particles produce aboard with 
lower bending strength and dimensional stability but higher internal bond 
strength .The placing of particles to produce a board with high bending and 
internal bond strength  the thick and short are used in core layers while the 
thin and long are used on the surface layers. From the stand point of a 
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board’s bending strength, the most desirable forms of raw material can be 
generated the chirped and hammer milled undraped solid wood cut to flakes 
(Moslemi, 1974), 
 
2.7. Effect of processing parameters on the properties of 
particleboard: 
The influence of raw material, particle geometry, adhesive type and levels as 
well as pressing conditions were studied extensively during the last few 
decades, the results of previous work are reviewed blow:  
 
2.7.1Effect of particle geometry  
Particle geometry (shape and size) is a prime consideration affecting both the 
board's important properties and its manufacturing process. Indeed, the 
performance of particleboard is, in large part, the reflection of particle 
characteristics ( Brumbaugh, 1960). Mechanical strength is an important 
property of the board and is greatly affected by particle geometry. Particle 
geometry affects the face and edge appearance significantly. Thin and small 
particles with their pliability and gap–filling ability generate gap- free-surface. 
In recent years, most commercial operations have utilized fine, dust -like 
particles and pressure- refined fibers on board surfaces. Particle geometry 
indirectly influences the finishing, gluing, and overlaying characteristics of 
particleboard.  
Further, the behavior of particleboard to machining (i.e. sawing, routing, 
shaping, planing, and sanding ) is also affected by the type of particle used in 
manufacturing the product.  
 
The shape and size of particles have a direct  influence on the amount of heat 
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required for the particles to reach a certain level of moisture content. An 
increase in  particle size of any specific shape necessitates a greater amount of 
heat to remove a given weight  of water.  
 
 2.7.2 Effect of resin content   
It has been indicated that resin content is an important factor in improving the 
strength  properties  and dimensional stability of particleboard.  
  It has been calculated by  Post ( 1958) that particle geometry was much more 
significant than adhesive content with (UF)  on MOR values.  
Adhesives with different levels ; 8, 10 and 15% were used by Kimoto et. al. 
(1964) and found that only a slight  improvement   in strength properties with 
15% as compared to 10% adhesive content.  
 
Lehmann (1970) used UF at 2, 4 and 8% resin contents and found only a 
small increase in MOR and MOE when adhesive content increased from 4% 
to  8%.  
 
Shuler (1974) used seven levels of UF resin ranging from 2 to 12%. No 
improvement was evident to him in MOR and MOE when the adhesive level 
was increased above 5%. The 12% adhesive content was below the 10% level 
at all particleboard densities.  
 
Lehmann (1978) indicated that the increases in strength properties were 
directly related to resin content.  
 
Price and Lehmann (1979) also reported that properties increased with an 
increase in resin content  and decreased with a decrease  in resin content with 
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the use of either phenol-formaldehyde  (PF) or urea-formaldehyde (UF) 
resins. 
  
Hann et al. (1963) indicated that the particleboard durability was improved 
when the adhesive levels were increased from 3% to 6% and from 4% to 8% 
for PF and UF adhesives, respectively.  
 
 Shuler (1974) used seven levels of UF adhesive ranging from 2 to 12%, and 
concluded that thickness swelling (TS) after 2, and 24- hours water soaking 
tests attained a minimum at 10% resin content and there after,  no 
improvement in TS took place.  
 
Krzysik and Young (1986) found that 10% resin content gave the lowest 
values of TS after soaking for 2- and 24-hours.  
The effect of resin may also depend on the raw material used- wood or non-
wood.  
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Chapter three 
Materials  and Methods 
 
3.1 Raw Materials used   
      The raw materials used consists of:-   
          -Eucalyptus camaldulensis wood   
          - Acacia seyal wood     
          - Bagasse (by-product of sugar cane industry) 
          - Urea-formaldehyde resin  
         - Hardener 
These raw materials were collected from Kenana sugar company plantation, 
White Nile area.  
 
3.1.1 Eucalyptus camaldulensis: 
As mentioned in chapter two the tree has been introduced into the Sudan and 
planted in different areas especially under irrigation. One of the areas where 
it is planted is kenana sugar company plantations. The material under 
consideration has been colleted from these plantations which are about seven 
years old. Trees harvested had a diameter at breast height (DBH) ranging 
between 15cm  and 35cm  with   a height averaging about  six  meters.  
 
The  procedure adopted is that the  diameter of  standing trees  at breast 
height (DBH)  was measured. Then the selected trees are felled and the total 
height measured. The felled  trees were then crosscut into one meter length 
and the diameters  at the lower end, the top end and mid-diameter were 
measured and the average diameter calculated.  
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3.1.2 Acacia seyal   
As mentioned in chapter two the tree occurs naturally in the Sudan especially 
in the low rainfall Savanna area of  the country. The tree is planted in  
kenana sugar company farm under partial irrigation.. The material under 
consideration has been colleted from this area.  
These plantations are also  about  seven years old. Trees harvested had a 
diameter at breast height (DBH) ranging between 10cm and 25cm and a 
height averaging  about  four  meters.  
The  procedure adopted is that  the diameter of the  trees at  (DBH)  is 
measured before felling. Then the selected trees are felled and the total 
height measured. The felled  trees were then crosscut into one meter length 
and the diameters  at the lower end, the top end and mid-diameter were 
measured and the average diameter calculated.  
  3.1.3 Bagasse  
Bagasse is a  by- product of sugarcane industry. Bagasse has been  collected 
from   kenana sugar company factory. Annually (3800,000) tons of bagasse 
are produced from  Kenana sugar factory.  
                                                                                                                                                
3.1.4 Urea-formaldehyde (UF) resin  
The type of urea- formaldehyde resin used in this study is produced by 
Elnesr Company, Alexandria – Egypt in solid content 60%.  
3.1.5 Hardeners  
Hardeners are essentially chemical additives incorporated into the resin 
system usually just prior to the blending operation in order to make binders 
more responsive to the requirements of particleboard manufacture. The 
hardener used in this study is Ammonium chloride (1% of sold content of 
resin ).  
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3.2 Experimental Work  
3.2.1  Panel Preparation  
   Particles were prepared from  Eucalyptus camaldulensis  and Acacia seyal 
wood  by  crosscutting using circular saw to  reduce  the  one meter logs into 
disks of 5 cm thickness. These disks are  reduced into smaller parts after 
debarking  using hand tools and later introduced to the hammermill to 
produce  small particles.   
 
Bagasse raw material  was introduced into the hammermill where it is 
reduced into smaller particles and the pith was separated and discarded. 
  
The three lignocellulosic materials Eucalyptus camaldulensis, Acacia seyal  
wood chips and bagasse were  screened to remove  the  over- size  particles,  
fines and other pieces by laboratory  sieves separating the particles into three  
-sizes by 10, 20 and 40 mech . The particles  were dried  to uniform moisture 
content (3%). Blending of  the three lignocellulosic materials using  three 
levels of  (U F) resin was undertaken in a manner that will be described  
later. After blending mat formation was set up and then pre pressing 
followed by pressing in the hot press using  a temperature of  170cْ. 
  
Blending is the process of adding the resin adhesive and, calculated weights 
of oven dry (OD) particles for each treatment. The amount of resin based on 
OD weight of particles was also calculated depending on the selected glue 
level. Urea formaldehyde resin was then, added in addition to  the calculated 
amount of water. Three levels of resin were used amounting to 5%, 7% and 
10% by weight.   
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    Figure 3-1  hammer mill used For Bagasse particles preparation.    
 
 
 
 
 
 
 
 
 
 
 
 
Hammer mill    
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Figure 3-2 Hammermilled for the preparation of the  particles of Eucalyptus 
camaldulensis & Acacia seyal  wood.  
 
 
 
 
 
 
 
 
 
 
 
  
Hammer mill    
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Figure 3-3 particle size of the three lignocellulosic materials used for board manufacture .  
E = eucalyptus camaldulensis  
A = acacia seyal  
B = bagasse  
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Experiment (1): Effect of mixing and level of resin on the properties of   
boards manufactured: this experimental work was carried out  at  the 
National Research Centre. 
 3.2.2 Design of experiment 
The purpose of this experiment is to study the effect of mixing of the three 
lignocellulosic materials and  three levels of resin  on the  properties of 
particleboard produced. 
 
3.2.2.1 Manufacturing variables 
Panel size: 40cm×40cmX 1.2cm ( length, width and thickness respectively ) 
Panel density:       0.750gm/cm3 
Resin type: urea-formaldehyde (UF) 
Resin solid content: 60% 
Resin level: 5% ,7% and 10 % 
Hardener: Ammonium chloride (1% of solid resin) 
Pressure : 20.5kg/cm2 
Pressure time: 10min. 
Closure time:  2min 
Number of mixes: 9 
 
3.2.3 Resin blending 
To make a board with dimensions of  40cm×40cm× 1.2 cm a density  of 
about .750gm/ cm3 , was used. The calculated amount of lignocellulosic 
material, urea formaldehyde resin, the hardener, and the amount of water 
required were added to form the mattress for the three levels of UF resin. 
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In order to examine the effect of blending and pressure on the properties of 
particleboards glued with UF resin, single layer boards with the density of 
0.750gm/m3 and dimensions of 400*400*12mm were produced under 
laboratory conditions. The following pressing parameters were employed: 
pressure 20.5MPa, temperature 170  ْC and  pressing time 10 minutes. Three 
resin levels were employed namely  5, 7and   10% of oven dry wood weight.  
The properties of the particleboards were examined according to the relevant 
European standards (EN). 
 
Panel density and resin content levels were important in controlling the 
strength properties of the particleboard. Bending modulus of elasticity, 
bending strength, thickness swelling and water absorption  values were all 
measured.   The strength values well exceeded the minimum specifications 
for wood-based particleboard at the target manufacturing conditions. Water 
adsorption and thickness swelling increased as water soaking time increased 
for all boards. 
  Nine deferent mixtures of lignocellulosic material were adopted with 
deferent percentage of these materials. The aim was to study the effect of 
mixing raw materials and resin level on the properties of manufactured 
particleboard. The combination of these mixtures  is  shown in table 3.1 
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Table 3. 1. Different mixtures of the three lignocellulosic materials 
Bagasse %Acacia seyal  % Eucalyptus camaldulensis % mix 
00 100M1 
0100 0M2 
1000 0M3 
050 50M4 
500 50M5 
5050 0M6 
2020 60M7 
2060 20M8 
6020 20M9 
 
 
 
       Table 3-2  The calculated amount of particles, resin, Hardener 
 and water at 5% resin level. 
M.C% total water Dry mass gm  
  3 1483.2   43.2 1440 Particles 
 40  100.8   28.8    72 Resin 
 85      1.33      0.61     0.72 Hardener 
100   124.04   124.04 - Water 
  13 1709.37 196.65 1512.72 Total 
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Table 3-3The calculated amount of particles, resin, Hardener 
 and water at 7 % resin level. 
M.C% total water Dry mass/ gm  
  3 1483.2   43.2 1440 Particles 
 40   141.12   40.32   100.8 Resin 
 85       1.87      0.086       1.008 Hardener 
100   116.06   116.06  Water 
 13 1742.25 200.44 1541.81 Total 
 
 
 
 
 
Table 3-4 The calculated amount of particles, resin, Hardener 
and water at 10% resin level. 
M.C% total water Dry mass gm   
  3 1483.2   43.2 1440 Particles 
  40   211.60    57.60   144 Resin 
 85      2.66     1.22       1.44 Hardener 
100   104.09   104.09 - Water 
  13 1791.55 206.11 1585.44 Total 
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3.2.4 Mixing of boards components 
The determined amounts of resin, hardener  and  water , were mixed in  a 
beaker and added  the calculated particles of  Lignocellulosic material, in a 
plastic containers for  about 5 minuets.  
 
3.2.5 Mat formation 
To make boards wooden frames were   used, to contain the mixture. First an 
aluminum foil was put under a metal base which has 40by 40 cm dimensions; the 
wooden frame with 41cm by 41cm by 5 cm dimensions was put around the metal 
base.  The aluminum foil is open and the ready mixture was put in the wooden 
frame and wrabbed by the metal foil after putting anther metal cover on the top of 
the mat. Then the wooden frame is removed and the mat transferred to the hot 
press. 
3.2.6 Hot pressing 
The mat was pressed at 170Cْ pressing temperature for 10min. using 
Langzauer laboratory press model 1982 (fig 3-4), the pressure used was 20.5 
kg / cm3, using two minutes closing time. 
 
3.2.7 Boards Produced 
 The number of boards produced were twenty seven that means from any 
mixture three replicates were produced. Six samples were taken from the three 
replicates for testing.  
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Figure 3-4 The Langzauer laboratory press model 1982 used for pressing of panels.   
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Figure 3-5 type of panel produced from mixture 1, 2 and 3 consisting of pure particles of 
Eucalyptus camaldulensis, Acacia seyal and Bagasse respectively using 10 % resin level.  
 
 
 
 
Eucalypt Acacia Seyal BagasseBagasse     ُEucalyptus  A acia Seyal 
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3.3 Board Testing    
3.3.1 Mechanical Testing 
  3.3.1.1 Static bending test     
The test for static bending was carried out  according to the American 
Standard for Testing materials (ASTMD1037) with some modifications due 
to the limited size of board. The dimensions of the specimens were 
25×5×1cm. The span was  (23cm). The test was carried out using a machine 
which measures   modulus of rupture (MOR) and modulus of elasticity 
(MOE) and  calculated the curves produced using the following equations:- 
  
 MOR=  1.5   pl/bh2   
P =maximum load in kg 
l  = span in centimeters 
b =    width of the specimens in cm. 
h =  thickness of the specimens in cm.  
MOE = stress / strain      or   fl/4∆bd2 
f= load of elastic limit 
l= span in centimeters or slope in graph 
∆=deflection, b=  width of the specimen and d = thickness of the specimen in 
cm.  
 
3.3.2 Physical testing 
3.3.2.1. Density 
This test was carried out using  specimens having  the dimensions of  (5× 5 × 
1cm) and were prepared according to European standard (DIN:EN323). The 
density of the samples was  calculated as follows:-  
   Density =sample mass   sample volume 
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3.3.2.2 Moisture content  
This test was carried out using samples of the same dimension as mentioned 
above  and  prepared according to American Standard for testing materials 
(ASTM-1037). The samples were dried in an oven at 103 ْ±2 Cْ until weight 
stability. The moisture content of the sample was determined as follows: 
 
Moisture content percent.      = {Ww – Wd } ×100 
                                                         Wd 
     Where: 
Ww = sample weight before drying 
Wd =sample weight after drying 
 
3.3.2.3  Water absorption (WA) 
  This test was carried out using samples with a side length, width and 
thickness of (5× 5 × 1 cm). The pieces of samples were put in water bath at 
room temperature for two hours, and then taken out, dried with cotton cloth, 
weighed, and immersed in water  again to complete the period for 24 hours. 
The samples were then taken out rubbed out with cotton cloth and weighed 
Water absorption percent  for 2 hour and 24 hours soaking was calculated as 
follows:-  
        WA2   =    (W2-W1) ×100  
                          W1 
    Where:  
WA2  = water absorption percent after two hours soaking 
W2     = sample weight after two hours soaking  
W1     = sample weight before soaking 
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      WA24 = (W3-W1) ×100 
                       W1 
WA24   = water absorption percent after 24 hours soaking 
W3     = sample weight after 24 hours soaking 
W1     = sample weight before soaking 
 
3.3.2.4. Thickness swelling  
In this test square pieces of samples with dimensions   of 5 × 5 × 1 cm were  
put it in water. Samples were  completely immersed  in water. This test was  
carried out as specified by the European standard EN313:1993. After two 
hours soaking the samples were taken out of the water bath  and  excess 
water removed and  measured. Then the samples were immersed again for 
complete 24 hours. After that, the samples were dried by   cloth and the 
swelling is calculated as follows . 
Ts2= (t2-t1) ×100 
           t1 
Where:  
    Ts2  = thickness swelling percent after two hours soaking.  
     t2 =thickness swelling of the sample after two hours soaking.  
    t1 = thickness of the sample before  soaking. 
Ts24 = ( t24-t1) ×100 
              t1 
Where:   
Ts24=   thickness swelling percent after 24 hours  
t24= thickness swelling of the sample after 24 hours 
 t1= thickness of the sample before soaking 
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Chapter four  
Results and Discussion  
 4. Mechanical and physical  properties 
4.1 Mechanical properties   
Table 4.1 and figures 4.1- 4.8 display the results of both mechanical and 
physical properties of the experimental panels. Particleboards produced from 
pure Eucalyptus camaldulensis particles at the three levels of resin 
percentage had the highest modulus of rupture  (MOR) and modulus of 
elasticity (MOE). 
 
 With 5% resin  the highest values of MOR were attained by board type 
(M1) which was made form pure Eucalyptus camaldulensis particles as 
already mentioned. This value equals 20.34mpa in all three levels of resin 
percentages.  The values of (MOR) were more or less the same and these 
results were in line with  specific standard of AS/NZS 1859, 1. (2001)  
which was 19 mpa. This MOR (20.34mpa) is higher than that obtained   by 
Serma (2004) which was 14.13mpa.  Mixture M1 is   followed by mixture 
(M2) with the value 16.23mpa. Both mixtures 1 & 2 are made from wood 
particles of  Eucalyptus camaldulensis and Acacia seyal respectively. The 
other MOR values showed a decline with increase of bagasse percentage and 
the lowest MOR value was obtained by  board type (M3) made of pure 
bagasse with a value of 11.65mpa. This result maybe due to the type of raw 
material used.  
 
The highest value of MOE   in resin level 5%  was recorded with  board type 
(M1) made of  pure  Eucalyptus camaldulensis particles  and this amounted 
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to  2206 MPa. This value is higher  than that obtained by Serma (2004) 
which amounted to 1896mpa. Mixture M1 is  followed by mixture  (M2) 
with the  result of  2047mpa. 
  
The lowest value of MOE was obtained by mixture M3 which is equal to 
1128 MPa followed by mixture M6 and M9 where bagasse makes 100% and 
50% and 60%by weight of the other two mixtures respectively. There is a 
decrease in the MOE value with increase of bagasse percentage. 
 
The same experiment was carried out using 7%urea –formaldehyde  resin by 
weight and the following values are related to this resin level.  
 
The highest values of MOR were  also attained by board type (M1) made of 
pure  Eucalyptus camaldulensis particles  followed by M2 made of pure 
Acacia seyal particle  with average values 20.41mpa and 18.28mpa 
respectively.  These results are rather   higher than those obtained by   
Qinglin (2004) and the standard ANSI A2081  with values of 16.78mpa 
and16.5mpa respectively. 
    
MOR value of  board type (M9) made of  bagasse 60%, Eucalyptus 
camaldulensis 20% and Acacia seyal 20%  compares favorably with 
standard ANSI A2081 with values of 16.41 mpa   and 13.5 mpa respectively. 
There is an  increase in the values  of MOR & MOE of boards made from 
with small portion of bagasse (20%) when compared with boards made of a 
mixture of pure wood particles of  50% Eucalyptus camaldulensis  and  50% 
Acacia seyal .  
 
There is a decline of MOR values with  an increase of bagasse percentages.    
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The highest values of MOE   were recoded by board type (M1). Which is 
made of 100% Eucalyptus camaldulensis particles  followed by board type 
M2 which is made from pure Acacia seyal particles with values 3163MPa 
and 3025MPa respectively. This is followed by boards where bagasse makes 
about 20% of  the mixture. The lowest values are obtained by boards of pure 
bagasse. 
  
Using the same mixtures as above the experiment was repeated using  10% 
resin level.  The highest values of MOR were again attained by mixture (M1)  
followed by mixture M2 made from pure Eucalyptus camaldulensis  and 
Acacia seyal particles.  As the percentage of bagasse increases there is a 
decrease of the value of MOR. The lowest values  were recorded by mixtures 
M9, M6 and M3 in a descending order.  
 
The MOE followed the same pattern as MOR with few exceptions. The 
lowest values were attained by mixture M3 made from pure bagasse. 
Figure 4.7 and 4,8 show that MOE was affect by the level of resin much 
more  than MOR. This indicates that the elastic properties are improved by 
increased level of resin. This may be due to the pliability of synthetic resins.  
The MOR and MOE meet the requirement for general purpose and heavy 
duty load bearing boards for use in dry conditions. The results  of analysis of 
variance of the MOR and MOE showed  highly significant  differences at 
(o.ooo1) level  of probability conducted on the effect of the different factors 
and their interaction showed that the resin levels and raw material mixing 
significantly  influenced both the MOR and MOE values of samples.  For  
Duncan’s grouping see table  4.1. Appendices  1-3 show the ANOVA table 
for the resin levels used.  
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Table 4.1 Mechanical properties of Modulus of rupture (MOR) and Modulus 
of elasticity (MOE)  
5% 7% 10%
Mix MOR MPa MOE MPa MOR MPa MOE MPa MOR 
MPa
MOE 
MPa
M1 20.34A 2206A 20.41A 3163A 20.63A 5232A 
M2 16.73B 2047B 18.28B 3025B 18.77B 4625B 
M3 11.65I 1128I 11.95I 1428I 13.42I 2254I 
M4 14.23D 1626D 15.44D 2237D 16.46E 3724D 
M 5 12.70F 1231F 13.56F 1846F 15.12G 3587F 
M6 12.23H 1217H 12.71H 1592G 14.14H 3441H 
M7 16.65C 1950C 17.24C 2601C 18.43C 4200C 
M8 13.22E 1556E 14.55E 1781E 16.54D 3644E 
M9 12.38G 1220G 13.41G 1541H 14.50G 3176G 
Pro 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
* Mean with the same letter in the same column are not significantly different  
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Figure 4--1 Modulus of rupture of particleboards  made from different  
mixtures of  raw  materials using  5% resin level. 
  
 
 
  
  
  
  
  
  
  
  
  
  
  
 
Figure  4--2Modulus of elasticity of particleboards  made from different    
   mixtures of  raw materials using 5% resin level  . 
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Figure  4--3Modulus of rupture of particleboards  made from different      
mixtures of  raw materials using 7% resin level  . 
  
  
  
  
 
 
  
  
  
  
  
  
  
  
  
  
  
  
Figure  4—4 Modulus of elasticity of particleboards  made from different     
 mixtures of  raw  materials using  7% resin level  . 
  
 
 
 
 
 
 
0
5
10
15
20
25
M1 M2 M3 M4 M5 M6 M7 M8 M9
Mix
M
O
R
 M
Pa
0
500
1000
1500
2000
2500
3000
3500
M1 M2 M3 M4 M5 M6 M7 M8 M9
Mix
M
O
E 
M
Pa
 
66 
 
 
 
  
  
  
  
  
  
  
  
 
  
  
  
Figure  4.5Modulus rupture of particleboards made from different 
 mixtures of  raw  materials using10% resin  level. 
  
  
 
 
 
 
 
  
  
  
  
Figure  4 – 6 Modulus elasticity of particleboards  made from different 
 mixtures of  raw materials using 10%  resin level. 
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Figure 4-7 Modulus of rupture of particleboards  made from different  
mixtures of  raw materials with  three resin levels. 
 
 
 
 
 
 
 
  
  
Figure 4-8 Modulus of elasticity of particleboards made from different  
mixtures of raw materials with three  resin levels.  
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4.2 physical  properties  
4.2.1 Thickness Swelling  
Table 4.2 and figures 4.9-4.16 show the results of thickness swelling of the 
manufactured panels. The smallest thickness swelling values  in resin 5% after 2- 
hours soaking was attained by  board type (M1) made from pure Eucalyptus 
camaldulensis particles.  The amount of thickness swelling attained by this board 
equalizes 30.91%. This result is in line with Nami's  (2000) value which was  about 
28.2 %. This percentage is higher than the value  produced by 
HRÁZSỲ(2003)which  was about   21.94%  and higher than the percentage 
obtained by soaking for  two hours in the other percentage of 7 and 10  of resin 
level  used.  
The smaller values of this board may be due to the maturing of particles and 
amount of resin used. 
   
The higher values for TS2  were obtained by  mixture (M9 ,M6 and M3) 
with increase of bagasse percentage respectively. The amount of (TS2) 
produced by board type (M3)was 56.72%. This  result compares favorably 
with research result obtained by Souza (1997) which was about 58.54%. 
  
 Soaking the sample  for TS24  followed the same pattern as the same as that 
for TS2 with an increase of value of thickness swelling percentage. The 
amount of (TS24) produced by the board type (M3)was 70.81%(table 4.2). 
The values of thickness swelling after 24 hours  are  higher than those  
obtained by  Göкаy (2003) which  was about  53.86.  
 
The smallest values for thickness swelling  with 7%  resin after two hours 
soaking  was observed with mixture (M1). The a mount of (TS2) attained by 
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board type (M1) was 30.35%. This  result is lower than that of Sarma (2004) 
which amounted to 43.45 %.  
 
 The smallest thickness swelling of this particular type of  board may be due 
to the fat  that lignin in the particles may have been plasticized by the heat of 
the board and then hardened. Another possible reason my be due to  the 
manner of the mixing of particles and resin.  
   
 The highest values for TS2 were observed with mixture M3, M6 and M9 
respectively. These boards are made from pure bagasse particles , and 50% 
bagasse  mixed with 50% Acacia seyal and 60% bagasse mixed with 20% 
Eucalyptus camaldulensis  and Acacia seyal respectively.  The lowest values  
were obtained by mixture M1, M7 and M2 respectively.  
 
Thickness swelling for twenty four hours is significantly higher than that for 
TS2. 
  
The smallest thickness swelling values in resin 10% after 2- hours soaking 
were  attained by board type (M7) followed by board type M1 and M8 
respectively .  The amount of thickness swelling attained by board type (M7) 
which  is 10.44 is in line with Mehmet  (2005) which is 11.11. This result is 
lower than the value obtained by HRÁZSỲ(2003) which is  17.24. 
The smaller values of (M7) this board may be due to the maturing of 
particles, blending of three lignocellulosic materials and amount of resin 
used.   
The highest values for TS2 were observed with mixture (M3) with an 
amount of 16.84 which is lower than that obtained by Göкаy (2002) which 
was 23.86.  
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Thickness swelling for twenty four hours followed the same trends  as that 
for TS2  with few   exceptions. 
   
There is a decrease in the amount of swelling with the increased amount of 
resin percent. This decrease in the amount of swelling with increased amount 
of resin percent will influence the use of particleboard produced  for indoor 
or outdoor purposes. 
 
 
Table 4-2 Mean values of thickness swelling after 2 and 24 hours soaking in three 
                   levels of resin in all  mixtures. 
5% 7% 10%
Mix TS2 TS24 TS2 TS24 TS2 TS24 
M1 30.91I 39.31I      30.35II      45.6I 12.27H 19.20H     
M2 46.17D      60.42D 35.55G       48.2G         14.16D       22. 96D    
M3 56.72A 70.81A     45.78A 66.5A 16.84A       24.37A     
M4 40.22G      47.42G     40.41F      53.5F      13.87F       21.89F 
M 5 43.43F     54.65F     41.14D      54.4E 14.17E       22.89E     
M6 52.26B 63.45B     42.05C 57.16C 15.17B       23.95B     
M7 36.21H     47.22H   33.95H 47.9H 10.44I 18.20I 
M8 43.33E 56.56E     40.91E     56.50D    13.31G 20.58G 
M9 49.64C 61.35C  42.92B      57.61B 14.34C     23.22C     
Pro 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
* Mean with the same letter in the same columns are not significantly different  
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Figure 4- 9 Man values of thickness swelling percent after 2 – hours soaking 
 for different mixtures of raw  materials with 5% resin level. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-10 Thickness swelling percent after 24 – hours soaking for  
different mixtures of raw materials with  5% resin level. 
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Figure 4-11 Thickness swelling percent after 2 – hours soaking for 
different mixtures of raw  materials with 7% resin level. 
  
  
  
 
 
 
 
  
  
  
  
  
  
  
  
Figure 4-12 Thickness swelling percent after 24 – hours soaking for 
different mixtures of raw materials with 7% resin level. 
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Figure 4-13 Thickness swelling percent after 2 – hours soaking for   
different mixtures of raw materials with 10% resin level. 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
  
  
Figure 4-14 Thickness swelling percent after 24 – hours soaking for  
different mixtures of raw materials with  10% resin level. 
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Figure  4-15 Thickness swelling percent after 2- hours soaking   of particleboard made 
from different mixtures of  raw  materials and three levels of resin 
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Figure   4-16 Thickness swelling percent after 24- hours soaking   of particleboard made 
from  different mixtures of  raw materials and three levels of resin 
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4.2.2 Water absorption  
 
The smallest values of water absorption (WA) after two hours immersion in 
5% resin level   were observed with mixture (M1) which is made from 100% 
Eucalyptus camaldulensis particles. The percentage  of water absorbed    
(WA2) by board type (M1) is  52.32% . This result  is slightly  lower  than 
that  recorded by Nigam(1995)which amounted to  56%  . The smallest water 
absorption of this particular type of  board may be due to the amount of 
lignin  that may have been plasticized by the heat and then  hardened. 
Another possible reason may  be due to is the manner of mixing of particles 
and resin.  
    
The highest  values for water absorption observed are associated with 
mixtures of pure bagasse and mixtures  where bagasse makes higher  
proportions of the board manufactured. 
 This fact may  be attributed to the higher  percentages of bagasse which is 
antisbated to  absorb water more than other boards. 
This pattern of the amount of water absorption is repeated with the  two 
other resin percentages namely  7% and 10%.  It is also observed  that water 
absorption increases  with the time  of immersion.  This is clearly shown by 
immersing samples of boards for two and  twenty four  hours respectively.  
The amount of WA is also influenced by the resin percentages  where it is 
lower with higher percentages of resin and vise- versa. The amount of resin 
percent will have an effect on the end-use of particleboard namely indoor 
and out- door uses.  
 
According to the variance of  analysis, the effects of adhesive level and 
76 
 
blending  of material on the bending strength values of panels were 
statistically significant.  
The effect of adhesive level  on the water absorption   values for the raw 
material  process was significant according to the results of the water 
absorption test. The mean values of the variation sources that were found to 
be significant were compared Duncan's test with other research.  
 
 
Table 4-3 Mean values of water absorption after 2 and 24 hours  
immersion with the three levels of resin in all mixtures.  
 5% 7% 10%
Mix WA2 WA24 WA2 WA24 WA2 WA24 
M1 52.32 I 59.17 I 35.58 I 51.83 I 22.48 I 29.16 I 
M2 65.42 F 77.58 F 39.39 E 57.89 E 24.37 G 32.51 G 
M3 75.46 A 85.43 A 47.85 A 68.02 A 31.54 A 39.72 A 
M4 63.63 G 74.61 G 38.69 G 55.84 G 24.84 F 32.57 F 
M 5 67.11 D 80.69 D 38.79 F 55.33 F 27.40 D 32.51D 
M6 73.46 B 83.63 B 42.10 C 67.04 C 27.86 C 35.69 C 
M7 63.33 H 73.39 H 36.99 H 52.87 H 23.56 H 32.30 H 
M8 65.42 E 79.33 E 40.1 D 58.33 D 26.27 E 33.57 E 
M9 68.94 C 82.30 C 43.16 B 67.40 B 28.92 B 38.86 B 
Pro  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
 
* Mean with the same letter in the same column are not significantly different  
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Figure 4 – 17 Water absorption  percent after 2– hours soaking for  
different mixtures of raw  materials with 5% resin level 
  
  
  
  
  
 
 
 
 
 
 
 
 
 
  
  
  
  
 
 
Figure 4 – 18 Water absorption percent after 24– hours soaking for 
 different mixtures of raw materials with  5% resin level.  
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Figure 4 – 19 Water absorption  percent after 2– hours soaking for 
 different mixtures of raw  materials with  7% resin level 
  
  
  
  
  
Figure 4 – 20Water absorption  percent after 24– hours soaking for  
different mixtures of raw materials with 7% resin level 
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Figure 4 – 21 Water absorption  percent after 2– hours soaking for 
 different mixtures of  raw  materials with  10% resin level. 
  
  
  
  
  
  
  
  
  
  
  
  
  
Figure 4 – 22Water absorption  percent after 24– hours soaking for  
different mixtures  of raw  materials with  10% resin level.  
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Figure  4- 23 Water absorption in 2-hours  of particleboard made from   
different mixtures of  raw materials and three levels of resin 
 
  
  
  
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure   4 - 24 Water absorption in 24-hours of particleboard made from  
 different mixtures of  raw materials and three levels of resin  
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4.3. Particleboard density  
 
Density is a measure of the compactness of the individual particles, and is 
dependant  on the density of wood and the pressure during pressing. Increase 
in  board density  is accomplished by increasing the weight of the wood in 
the mat or  by compression of the mat or by both. 
  
In this work the density in resin levels 5% and 7% of a pressed particleboard 
ranges between 0.76- 0.79gm/ cm3 which is higher than the density of the 
wood used. 
 
In resin level 10% under this experimental condition the density was found 
to be similar to  the density of the wood  used especially in  boards type 
(M1), M4, M7, M8 and M9 while it was found higher than the density of 
wood in the other mixtures.  
 
 
To avoid excessively high weight of particleboards woody species with low 
or medium density are selected as initial raw materials. Wood density also 
influences fundamentally strength properties of finished particleboard  
DEPPE(1991). 
  
It was found that pure bagasse boards had slightly  higher density compared 
with the other boards  due to the fact that  bagasse particles  are  light in 
weight compared  to the other particles used.  
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Table 4-4 Density and moisture content of particleboard produced in  
all three levels of resin and all mixtures.  
 
5% 7% 10% 
Mix M.C% Density gm/cm3 M.C% Density  gm/cm3 M.C% Density gm/cm3 
M1 4.160H 0.77C 4.100G 0.76D 3.100 0.75D 
M2 4.288F 0.78B 4.267F 0.78B 3.433 0.76C 
M3 4.522A 0.79A 4.400A 0.79A 3.567 0.79A 
M4 4.360E 0.76D 4.367C 0.76D 3.300 0.75D 
M 5 4.370D 0.77C 4.400E 0.76D 3.400 0.77B 
M6 4.398B 0.76D 4.533 0.77C 3.700 0.76C 
M7 4.098I 0.77C 4.233 0.76D 3.310 0.75D 
M8 4.378C 0.78B 4.433 0.78B 3.600 0.75D 
M9 4.218G 0.77C 4.100 0.77C 3.333 0.75D 
* Mean with the same letter in the same column are not significantly different  
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Fig 4-25 mean values of particleboard density  for different mixture of  raw   
materials with  5% resin level. 
  
  
  
 
 
 
 
 
 
 
 
 
 
 
  
  
  
 Fig 4-26 Mean values of particleboard density for different mixture     
of raw  materials with 7%  resin level . 
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Fig 4---27 mean values of particleboard density  for different mixture  
of raw  materials  with  10% resin level. 
  
 
 
  
  
  
  
  
  
 
 
 
 
 
 
 
 
 
  
  
  
Fig 4---28 mean values of particleboard density  for different mixture   
of raw  materials  with  three levels of  resin. 
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Chapter Five  
Conclusion & Recommendations: 
 
5.1 Conclusions  
 
The following conclusions could be drawn from this investigation:  
- Boards made from pure Eucalyptus particles  gave the highest strength 
properties (MOR and MOE) compared to the boards of the other two 
materials or their mixtures at all three levels of resin used. 
- This is followed by mixture M2 made from pure Acacia seyal particles 
and  mixture M7 made from Eucalyptus camaldulensis 60%, Acacia seyal 
20% and bagasse 20%. The addition of bagasse in small quantities has 
improved the strength properties of such boards over some other mixtures. 
It was clear that the increase in  resin percentage improved the strength 
qualities. 
 
 -The highest thickness swelling and water absorption values of boards 
produced in this experiment  were always associated  with boards of high 
proportions of bagasse particles.  
 
- Thickness swelling percent (TS%) decreased  with  increased level of 
resin.  
- The smallest  thickness  swelling values were  attained by boards made 
from  pure Eucalyptus particles, followed by those with  high percentages 
of Eucalyptus particles and small percentages of bagasse. This means that 
addition of small proportions of bagasse particles improved the properties 
of boards made from a mixture of Eucalyptus camaldulensis  and Acacia 
seyal particles. 
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  - Eucalyptus camaldulensis  with  10% resin  content of urea- 
formaldehyde adhesive gave the best result among all combinations  with 
acceptable properties, which satisfied European standards.   
- Glue level or resin content proved to be an important factor in 
particleboard manufacture whereby increasing  resin level resulted in 
improving board properties.  
 
5.2 Recommendations: 
   - A number of difficulties were encountered during the experimental stage 
of this work. For example the distribution of  resin needs a blender for 
mixing as mixing by hand needs special a care so that all particles are 
covered with the binder.   
 
-There is a  need to examine other processing parameters such as pressure  
and pressing time to see their effect on board properties.  
 
-Layered particleboard should be tried and its properties studied. 
-Other adhesive levels and types should be tried to see their effect on board 
properties.  
 
- The suitability of other widely cultivated  crops wood residues or any 
suitable source of lignocellulosic materials should be systematically 
investigated 
 
- Effect  of mixing resins on properties of particleboard  should also be 
investigated.  
- Evaluation  of the effect of other levels of resin on  board  properties should 
also be studies. 
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Appendix (1)  
ANOVA table for resin 5% bonded particleboard  
Pr>F F value  Mean sq. ANOVA ss DF  Source  Variable  
0.0001 6.45 0.00066157 0.00529259 8 Mixtures  Density  
0.0001 13.56 443.76495602 7550.1196481 8 Mixtures  WA2 
0.0001 10.56 396.98179074 4775.85432593 8 Mixtures  WA24  
0.0001 5.34 484.48127269 3075.85018148 8 Mixtures  TS2 
0.0001 7.98 681.01618241 5448.12945926 8 Mixtures  TS24 
0.0001 2.28 42.16230046 337.29840370 8 Mixtures  MOR 
0.0001 11.98 975737.36400184 7805898.91201475 8 Mixtures MOE 
 
 
 
 
 
 
Appendix (2)  
ANOVA table for resin 7% bonded particleboard 
 
Pr>F F value  Mean sq. ANOVA  
ss 
DF  Source  Variable  
0.0001 4.56 0.0063457 0.00529259 8 Mixtures  Density  
0.0001 35.54 943.7649556 7550.11964815 8 Mixtures  WA2 
0.0001 23.76 596.981734 4775.85432593 8 Mixtures  WA24  
0.0001 13.34 384.4812724 3075.85018148 8 Mixtures  TS2 
0.0001 25.23 681.01618325 5448.12945926 8 Mixtures  TS24 
0.0001 3.45 4.16230546 337.29840370 8 Mixtures  MOR 
0.0001 43.45 9757.36400244 7805898.91201475 8 Mixtures MOE 
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Appendix (3)  
ANOVA table for resin 10% bonded particleboard  
 
Pr>F F value  Mean sq. ANOVA ss DF     Source  Variable  
0.0001 15.34 0.76555556 0.00693333 8 Mixtures  Density  
0.0001 16.564 479.1232 4354.32100 8 Mixtures  WA2 
0.0001 22.23 654.0321 5865.9868 8 Mixtures  WA24  
0.0001 10.45 135.4507 1324.0758 8 Mixtures  TS2 
0.0001 35.65 7689.812 67432. 607 8 Mixtures  TS24 
0.0001 5.23 10.432 9.330 8 Mixtures  MOR 
0.0001 4.653 72.986 546.1845 8 Mixtures  MOE 
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It has been studied that any species particles can be stored up to three months 
with limited losses. Longer storage periods should be avoided, if possible, 
for the purpose of keeping contamination at the plant site to a minimum, 
limiting wood losses, avoiding the possibility of chip reducing the risk of 
particles–pile fires. It is advisable that particles stored outside should be in 
long, narrow, low piles to reduce losses.  
 
Wood acidity has little effect on the process of manufacture. It however 
affects the rate of binder cure when acid sensitive adhesives (i.e; urea- 
formaldehyde) are   utilized.  Most   wood   species used in the particleboard 
industry are acidic with some of them such as oak, having a very low PH. 
The hardening of urea- formaldehyde adhesives depends on establishing a 
chemical field which is dependent in part on certain range of acidity 
generated by both the wood species and catalysts (Moslemi, 1974)    
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Production of particleboard and Medium density fireboard (MDF) uses a 
high proportion of urea-formaldehyde  
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